(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 








(11) 



EP 1 231 480 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

14.08.2002 Bulletin 2002/33 

(21) Application number: 02250856.8 

(22) Date of filing: 07.02.2002 



(51) mi a* G01S 7/40, G01S 13/93 



(84) Designated Contracting States: 


(71) 


Applicant: FUJITSU TEN LIMITED 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Kobe-shi, Hyogo (JP) 


MC NL PT SE TR 






Designated Extension States: 


(72) 


Inventor: Isaji, Osamu, c/o Fujitsu Ten Limited 


AL LT LV MK RO SI 




Kobe-shi, Hyogo (JP) 


(30) Priority: 08.02.2001 JP 2001032996 


(74) 


Representative: Skone James, Robert Edmund 


09.02.2001 JP 2001034406 




GILL JENNINGS & EVERY 


09.02.2001 JP 2001034725 




Broadgate House 






7 Eldon Street 






London EC2M 7LH (GB) 



(54) Method and device for aligning radar mount direction, and radar aligned by the method or 
device 




CM 
< 

© 

00 



(57) A radar mount direction alignment device to be 
used for aligning the transmit/receive direction of a radar 
device 2D mounted on a member on which a radar de- 
vice is to be mounted, such as a vehicle 1. The radar 
mount direction alignment device has receiving sections 
b9, b1 0 for receiving a signal emitted from the radar de- 
vice 2D, and transmission sections a9, alOfortransmit- 



f 



ting a signal to the radar device 2D. The radar mount 
direction alignment device has the function of emitting, 
toward the radar device 2D, a signal which, upon receipt 
of a signal output from the radar device 2D, behaves as 
if having been received at and reflected from a position 
farther from the radar device 2D than a distance be- 
tween the radar device 2D and the radar mount direction 
alignment device. 



FIG. 14A < 
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Description 

[0001] The present invention relates to a method and 
device for aligning a radar (radio detecting and ranging 
device) mount direction, and to a radar system. More 5 
specifically, the present invention relates to a radar de- 
vice which enables easy and correct alignment of a ra- 
dar mount direction and a transmission/receipt direction 
to be used for aligning the transmit/receive direction of 
the radar, as well as to a method of aligning a radar 10 
mount direction to be used for aligning the transmit/re- 
ceive direction of the radar. 

[0002] An intervehicle distance warning system or 
adaptive cruise control, which employs a radar, has al- 
ready been available as a driving support system. Some 15 
inter-vehicle warning systems determine a distance be- 
tween vehicles from a time lag from the time a laser 
pulse is emitted forward until the time of receipt of the 
pulse having been transmitted from a reflector of a ve- 
hicle driving ahead (i.e., a reflection plate provided on a 20 
tail lamp of a vehicle). In this way, application of a radar 
technology and provision of a radar on a vehicle enable 
realization of a superior driving support system. 
[0003] However, the following problem is encoun- 
tered in mounting a radar device on a vehicle. For in- 25 
stance, when a radar is mounted on a vehicle as an in- 
ter-vehicle distance warning system, a radar device 
must be mounted so as to be able to capture the vehicle 
driving ahead without fail. 

[0004] If the transmit/receive direction of the radar is 30 
aligned with an error of 0.8 degrees, the error is equiv- 
alent to a distance of 1.4 m in a case where the vehicle 
is driving ahead at a distance of about 100 m. Even 
when another vehicle is driving ahead of a vehicle 
equipped with an inter-vehicle distance warning system, 35 
a sensing area of the system may deviate from a traffic 
lane, thereby failing to capture the vehicle ahead or mis- 
identify a vehicle driving on the opposite lane as a vehi- 
cle driving head of oneself. 

[0005] The present invention has been conceived in 40 
light of the foregoing problem and aims at providing a 
radar mount direction alignment device to be used for 
accurately aligning the transmit/receive direction of a ra- 
dar device when the radar device is mounted on a ve- 
hicle or the like; a radar device which enables accurate 45 
alignment of a transmit/receive direction; and a radar 
mount direction alignment method for accurately align- 
ing the transmit/receive direction of a radar device. 
[0006] As a radar mount direction alignment method 
for accurately aligning the transmit/receive direction of so 
a radar device, the present invention effects alignment 
of the transmit/receive direction of a radar device by 
means of placing reflection targets at predetermined lo- 
cations and utilizing signals reflected from the reflection 
targets. 55 
[0007] An ordinary radar device; for example, a radar 
device of FM-CW mode, involves noise components 
stemming from the radar itself, or limitations are im- 
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posed on the resolving power of a measurement section 
of the radar. In relation to a radar device of pulse mode, 
limitations are imposed on pulse width. Hence, the 
pulse-mode radar encounters difficulty in measuring a 
target disposed at short range. For these reasons, the 
related-art alignment method involves a necessity for 
ensuring a wide alignment space. 
[0008] To achieve the objects, the present invention 
is characterized in providing a radar mount direction 
alignment device (1 ) to be used for aligning the transmit/ 
receive direction of a radar device mounted on a mem- 
ber on which the radar device to be mounted, such as 
a vehicle, the device comprising: a receiving section for 
receiving a signal emitted from the radar device; a trans- 
mission section for transmitting a signal to the radar de- 
vice; and a first function of transmitting, toward the radar 
device, a signal which, when the signal emitted from the 
radar device is received, behaves as if having been re- 
flected from a reflection target disposed at a position lo- 
cated farther from the radar device than a distance be- 
tween the radar device and the radar mount direction 
alignment device (1). 

[0009] Upon receipt of a signal emitted from the radar 
device, the radar mount direction alignment device (1) 
transmits, toward the radar device, a signal which be- 
haves as if having been received at and reflected from 
a position farther from then radar device than a distance 
between the radar device and the radar mount direction 
alignment device (1). Even when the receiving section 
and the transmission section are disposed close to the 
radar device, the radar can accurately detect the signal 
transmitted from the transmission section. Hence, the 
radar device can be aligned in a narrow space. 
[0010] The present invention is also characterized in 
providing a radar mount direction alignment device (2) 
to be used for aligning the transmit/receive direction of 
a radar device mounted on a member on which the radar 
device to be mounted, such as a vehicle, the device 
comprising: a second function of transmitting, toward 
the radar device, a signal which, when the signal emitted 
from the radar device is received, behaves as if having 
been reflected from a reflection target disposed at a po- 
sition farther from the radar device than a distance be- 
tween the radar device and the radar mount direction 
alignment device (2), with a predetermined delay time. 
[0011] Upon receipt of a signal emitted from the radar 
device, the radar mount direction alignment device (2) 
transmits a signal toward the radar device with a prede- 
termined delay time. Even when the receiving section 
and the transmission section are disposed close to the 
radar device, the radar can accurately detect the signal 
transmitted from the transmission section. Hence, the 
radar device can be aligned in a narrow space. 
[0012] A radar mount direction alignment device (3) 
consists of the radar mount direction alignment device 
(1) or (2), and is characterized by further comprising a 
transmission line for transmitting a signal, wherein a pre- 
determined signal is transmitted toward the radar device 
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after a received signal has been transmitted over the 
transmission line. 

[0013] A radar mount direction alignment device (4) 
consists of the radar mount direction alignment device 
(3), and is characterized by a structure in which the 
transmission line is any one of the group comprising a 
waveguide, a dielectric line, and an optical fiber. 
[0014] The radar mount direction alignment device (3) 
or (4) is constructed so as to transmit the predetermined 
signal toward the radar device after having transmitted 
a received signal over the transmission line. Hence, the 
radar mount direction alignment device can transmit a 
signal which behaves as if having been reflected from 
a position farther from the radar device than a distance 
between the radar device and the radar direction align- 
ment device, or can transmit a signal toward the radar 
device with a delay time. For example, the transmission 
line includes a waveguide, a dielectric line, and an op- 
tica! fiber. 

[0015] A radar mount direction alignment device (5) 
consists of the radar mount direction alignment device 
(3) or (4), and is characterized by further comprising a 
reflector which reflects, at the other end of the transmis- 
sion line, a signal having entered from one end of the 
transmission line, wherein the reflected signal exits from 
the one end of the transmission line. 
[0016] A radar mount direction alignment device (6) 
consists of the radar mount direction alignment device 
(5), and is characterized by having a structure in which 
an antenna or lens is disposed in an entrance of the 
transmission line. 

[0017] The radar mount direction alignment device (5) 
or (6) is constructed to cause a signal that is to be trans- 
mitted toward the radar device to exit from the same po- 
sition in the transmission line where the signal transmit- 
ted from the radar device has entered the transmission 
line. More specifically, the transmission line is used for 
causing a signal to make a round trip. Hence, the trans- 
mission line can be utilized effectively. 
[0018] Further, according to the radar mount direction 
alignment device (6), an antenna or lens is disposed at 
the entrance (or exit) of the transmission line. Hence, 
the signal emitted from the radar can be received with 
superior sensitivity or can be efficiently transmitted to 
the outside. 

[0019] A radar mount direction alignment device (7) 
consists of the radar mount direction alignment device 
(3) or (4), and is characterized by having a structure in 
which the signal having entered from one end of the 
transmission line exits from the other end of the trans- 
mission line. 

[0020] The radar mount direction alignment device 
according to the radar mount direction alignment device 
(7) is characterized by having a construction in which 
an antenna or lens is disposed at an entrance and/or 
exit of the transmission line. 

[0021 ] The radar mount direction alignment device (7) 
or (8) is constructed such that the signal having entered 
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from one end of the transmission line exits from the other 
end of the transmission line. Hence, there is obviated a 
necessity for use of the reflector used in the radar mount 
direction alignment device (5). Accordingly, a drop in the 

5 level of the signal in the alignment device can be sup- 
pressed. Moreover, in the radar mount direction align- 
ment device (8), an antenna or lens is disposed in the 
entrance and/or exit of the transmission line. Hence, the 
alignment device can receive the signal emitted from the 

10 radar with superior sensitivity and can efficiently trans- 
mit a signal to the outside. 

[0022] A radar mount direction alignment device (9) 
consists of any one of the radar mount direction align- 
ment devices (1) through (8), and is characterized by 
15 further comprising an amplifier for amplifying a received 
signal. 

[0023] The radar mount direction alignment device (9) 
is equipped with the amplifier for amplifying a received 
signal. Hence, an attempt can be made to recover a drop 

20 in the level of a signal which would arise during the 
course of traveling through the transmission line. 
[0024] The radar mount direction alignment device 
(10) consists of any one of the radar mount direction 
alignment devices (1 ) through (9), and is characterized 

25 by further comprising a branching device for branching 
a received signal into a plurality of signals, wherein re- 
spective signals into which the received signal has been 
branched are transmitted toward the radar device. 
[0025] A radar mount direction alignment device (1 1 ) 

30 consists of the radar mount direction alignment device 
(10), and is characterized by having a structure in which, 
when the radar mount direction alignment device has 
the amplifier, the amplifier is disposed upstream of the 
branching device. 

35 [0026] In the radar mount direction alignment device 
(1 0) or (1 1 ), a plurality of transmission sections for trans- 
mitting signals toward the radar device are provided. 
However, commonality of a receiving section has been 
achieved. Hence, a difference between the signals 

40 transmitted from the transmission sections lies in only 
the length of a transmission line and locations of the 
transmission sections. Hence, more accurate alignment 
of the radar mount direction can be effected. 
[0027] In the radar mount direction alignment device 

45 (11 ), the amplifier is disposed upstream of the branching 
device. Before a received signal is branched, the level 
of the signal is amplified. Hence, the level of a received 
signal can be amplified with extremely high efficiency. 
[0028] The present invention is also characterized by 

50 providing a radar mount direction alignment method (1 ) 
which adopts any one of the radar mount direction align- 
ment devices (1) through (8) and aligns a transmit/re- 
ceive direction of a radar device, the device being 
mounted on a member on which a radar unit is to be 

55 mounted, such as a vehicle, and having a relative angle 
sensor for sensing a relative angle with reference to a 
target, wherein the transmission section is disposed at 
a predetermined position, and the transmit/receive di- 
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rection of the radar device is aligned in accordance with 
an angle relative to the transmission section detected 
by the relative angle sensor and an angle relative to the 
receiving section detected by the relative angle sensor. 
[0029] According to the radar mount direction align- 
ment method (1), the transmission section is placed at 
the predetermined location (e.g., a position spaced tens 
of centimeters from the member on which a radar device 
is to be mounted). The transmit/receive direction of the 
radar device is aligned in accordance with an angle rel- 
ative to the transmission section detected by the relative 
angle sensor (i.e., the angle of the transmission section 
relative to the radar device). For instance, the transmit/ 
receive direction of the radar device is aligned such that 
angle of the transmission section relative to the radar 
device assumes a predetermined angle (e.g., 0 degree). 
Hence, the mount direction of the radar device can be 
aligned accurately. 

[0030] The method of aligning a radar mount direction 
alignment method (2) according to the radar mount di- 
rection alignment method (1) is characterized in that a 
plurality of radar mount direction alignment devices are 
adopted, and a plurality of transmission sections are dis- 
posed at different positions. 

[0031] According to the radar mount direction align- 
ment method (2), the plurality of transmission sections 
are disposed at different positions. For instance, the 
transmit/receive direction of the radar device is aligned 
such that a difference between the elevation angles of 
two different transmission sections assumes a predeter- 
mined angular difference. Hence, the mount direction of 
the radar device can be aligned accurately. 
[0032] The present invention is also characterized by 
providing a radar mount direction alignment method (3) 
which adopts any one of the radar mount direction align- 
ment devices (1) through (8) and aligns a transmit/re- 
ceive direction of a radar device, the device being 
mounted on a member on which a radar unit is to be 
mounted, such as a vehicle, and having a signal inten- 
sity sensor for receiving a signal reflected from a target 
and detecting the intensity of the receiving signal, 
wherein the transmission section is placed at a prede- 
termined position, and a transmit/receive direction of the 
radar device is aligned in accordance with the intensity 
of a signal transmitted from the transmission section, the 
intensity being detected by the signal intensity sensor. 
[0033] According to the radar mount direction align- 
ment method (3), the transmission section (i.e., the ra- 
dar mount direction alignment device) is provided at the 
predetermined location (e.g., a position spaced tens of 
centimeters from the member on which the radar device 
is to be mounted). The transmit/receive direction of the 
radar device is aligned in accordance with the intensity 
of a signal transmitted from the transmission section, the 
intensity being detected by the signal intensity sensor. 
For instance, the transmit/receive direction of the radar 
device is aligned such that the signal transmitted from 
the transmission section assumes predetermined inten- 



sity (e.g., the maximum intensity). Hence, the mount di- 
rection of the radar device can be aligned accurately. 
[0034] A radar mount direction alignment method (4) 
consists of the radar mount direction alignment method 
5 (3), and is characterized in that a plurality of radar mount 
direction alignment devices are adopted, and a plurality 
of transmission sections are placed at different posi- 
tions. 

[0035] According to the radar mount direction align- 
to ment method (4), the plurality of transmission sections 
are placed at different positions. For instance, the trans- 
mit/receive direction of the radar device is aligned such 
that a difference between the intensity of signals trans- 
mitted from two different transmission sections as- 
15 sumes a predetermined intensity difference. Hence, the 
mount direction of the radar device can be aligned ac- 
curately. 

[0036] The present invention is also characterized by 
providing a radar mount direction alignment method 

20 which adopts either one of the radar mount direction 
alignment devices (10) and (11) and aligns a transmit/ 
receive direction of a radar device, the device being 
mounted on a member on which a radar unit is to be 
mounted, such as a vehicle, and having a signal inten- 

25 sity sensor for detecting the intensity of a signal received 
from the outside, wherein transmission sections for 
transmitting branched signals are placed at different, 
predetermined positions, and a transmit/receive direc- 
tion of the radar device is aligned in accordance with the 

30 intensity of signals transmitted from the transmission 
sections, the intensity being detected by the signal in- 
tensity sensor. 

[0037] According to a radar mount direction alignment 
method (5), the transmission sections for transmitting 

35 branched signals are placed at different, predetermined 
positions. For instance, the transmit/receive direction of 
the radar device is aligned such that a difference be- 
tween the intensity of signals transmitted from two dif- 
ferent transmission sections assumes apredetermined 

40 intensity difference. Hence, the mount direction of the 
radar device can be aligned accurately. 
[0038] A radar mount direction alignment method (6) 
consists of the radar mount direction alignment method 
(4) or (5), and is characterized in that the transmit/re- 

45 ceive direction of the radar device is aligned in consid- 
eration of a difference in sensitivity in detection of the 
intensity of signals output from the transmission sec- 
tions which are susceptible to the influence of distance. 
[0039] A radar mount direction alignment method (7) 

50 consists of the radar mount direction alignment method 
(6), and is characterized in that, when the radar device 
is equipped with a relative distance sensor for detecting 
a distance relative to a target, there is utilized the sen- 
sitivity difference determined on the basis of a relative 

55 distance detected by the relative distance sensor. 

[0040] A radar mount direction alignment method (8) 
consists of the radar mount direction alignment method 
(6) or (7), and is characterized by utilizing the sensitivity 
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difference that has been determined on the basis of in- 
formation about a sensitivity difference which has been 
measured beforehand and corresponds to a distance 
relative to the target. 

[0041] According to the radar mount direction align- 
ment method (4) or (5), alignment is performed such that 
a difference between the intensity of signals transmitted 
from two difference transmission sections assumes a 
predetermined intensity difference, thereby aligning the 
transmit/receive direction of the radar device. At this 
time, the signals transmitted sections must be prevent- 
ed from exerting influence on each other. 
[0042] For example, signals of different frequencies 
(or receiving timings) must be used so that the radar de- 
vice can separate signals from the two transmission 
sections. To this end, the distances of the transmission 
sections from the radar device must be made different. 
However, if the distances of the transmission sections 
from the radar device are made different, the difference 
affects the sensitivity of the radar device for detecting 
the intensity of the signals. The signal transmitted from 
a long distance becomes lower in intensity than that 
transmitted from a short distance. 
[0043] According to any one of the radar mount direc- 
tion alignment methods (6) through (8), a difference in 
sensitivity for detection of the intensity of signals trans- 
mitted from the transmission sections is taken into con- 
sideration. For instance, even when a plurality of trans- 
mission sections for transmitting signals which behave 
as if having been produced as a result of receipt of a 
signal from the radar device are placed at positions of 
different distances from the radar device, the transmit/ 
receive direction of the radar device canbe aligned ac- 
curately. 

[0044] When the radar device is equipped with a rel- 
ative distance sensor for detecting a distance relative to 
a target, alignment of the radar mount direction can be 
performed appropriately by means of utilizing the differ- 
ence in sensitivity that has been determined in accord- 
ance with a relative distance detected by the relative dis- 
tance sensor or the difference in sensitivity that has 
been determined on the basis of information about a dif- 
ference in sensitivity corresponding to a distance rela- 
tive to the target. 

[0045] The present invention is also characterized by 
providing a radar mount direction alignment method (9) 
for aligning a transmit/receive direction of a radar de- 
vice, the device being mounted on a member on which 
a radar unit is to be mounted, such as a vehicle, and 
having a sensor for detecting a target, wherein a reflec- 
tion target is disposed at a predetermined location, and 
the transmit/receive direction of the radar device is 
aligned in accordance with information about the reflec- 
tion target detected by the sensor. 
[0046] According to the method aligning a mount di- 
rection of a radar (9), the reflection target is placed at 
the predetermined position (e.g., a position spaced 10 
meters from the member on which the radar device is 
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to be mounted). In accordance with information about 
the reflection target detected by the sensor (e.g., the po- 
sition of the reflection target with reference to the radar 
device), the transmit/receive direction of the radar de- 

5 vice is aligned. 

[0047] The present invention is also characterized by 
providing a radar mount direction alignment method (1 0) 
for aligning a transmit/receive direction of a radar de- 
vice, the device being mounted on a member on which 

10 a radar unit is to be mounted, such as a vehicle, and 
having a relative angle sensor for detecting a distance 
relative to a target, wherein a reflection target is dis- 
posed at a predetermined location, and the transmit/re- 
ceive direction of the radar device is aligned in accord- 

15 ance with an angle relative to the reflection target de- 
tected by the relative angle sensor. 
[0048] The radar mount direction alignment method 
(11) according to the radar mount direction alignment 
method (1 0) is characterized in that the transmit/receive 

20 direction of the radar device is aligned such that the an- 
gle relative to the target assumes a predetermined an- 
gle. 

[0049] According to the method of aligning a mount 
direction of a radar device (1 0) or (1 1 ), the reflection tar- 

25 get is placed at the predetermined position (e.g., a po- 
sition spaced 1 0 meters from the member on which the 
radar device is to be mounted). In accordance with an 
angle relative to the reflection target detected by the rel- 
ative angle sensor (i.e., the angle of the reflection target 

30 with reference to the radar device), the transmit/receive 
direction of the radar device is aligned. For example, the 
transmit/receive direction of the radar device is aligned 
such that the angle of the reflection target with reference 
to the radar device assumes a predetermined angle (e. 

35 g. t o degree) . Hence, amount direction of the radar de- 
vice can be aligned accurately. 
[0050] The present invention is also characterized by 
providing a radar mount direction alignment method (1 2) 
for aligning a transmit/receive direction of a radar de- 

40 vice, the device being mounted on a member on which 
a radar unit is to be mounted, such as a vehicle, and 
having a reflection intensity sensor for detecting the in- 
tensity of a signal reflected from a target, wherein a re- 
flection target is disposed at a predetermined location, 

45 and the transmit/receive direction of the radar device is 
aligned in accordance with the intensity of a signal re- 
flected from the reflection target detected by the reflec- 
tion intensity sensor. 

[0051] A method of aligning a mount direction of a ra- 
50 dar (1 3) consists of the radar mount direction alignment 
method (12), and is characterized in that the transmit/ 
receive direction of the radar device is aligned such that 
a signal reflected from the reflection target assumes a 
predetermined intensity. 
55 [0052] According to the radar mount direction align- 
ment method (12) or (13), the reflection target is provid- 
ed at the predetermined location (e.g., a position spaced 
10 meters from the member on which the radar device 
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is to be mounted). The transmit/receive direction of the 
radar device is aligned in accordance with the intensity 
of a signal reflected from the reflection target detected 
by the reflection intensity sensor. For instance, the 
transmit/receive direction of the radar device is aligned 
such that a signal reflected from the reflection target as- 
sumes a predetermined intensity (e.g., maximum inten- 
sity). Hence, the mount direction of the radar device can 
be aligned accurately. 

[0053] A method of aligning a mount direction of a ra- 
dar (14) consists of any one of the radar mount direction 
alignment methods (10) through (13), and is character- 
ized in that the predetermined position is set on substan- 
tially a center axis in a sensing area of the radar device. 
[0054] If the reflection target is placed at a position 
distant from the center axis of the sensing area, detec- 
tion of an angle relative to the reflection target (or the 
intensity of a signal reflected from the reflection target) 
becomes difficult. According to the method of aligning a 
mount direction of a radar device (14), the reflection tar- 
get is placed on substantially the center axis of the sens- 
ing area. Hence, an angle relative to the reflection target 
(or the intensity of a signal reflected from the reflection 
target) can be detected without fail. 
[0055] A method of aligning a mount direction of a ra- 
dar (1 5) consists of any one of the radar mount direction 
alignment methods (10) through (14), and is character- 
ized in that the predetermined position is set on substan- 
tially a line connecting the location of the target for align- 
ment with a position at which the radar device is to be 
mounted. 

[0056] According to the radar mount direction align- 
ment method (15), the reflection target is placed on sub- 
stantially a line connecting the location of the target for 
alignment with a position at which the radar device is to 
be mounted. In accordance with the angle relative to the 
reflection target detected by the relative angle sensor (i. 
e., the angle relative to the radar device), the transmit/ 
receive direction of the radar device is aligned. 
[0057] As shown in Fig. 1 7A, which will be described 
in detail later, a reflection target 103 is provided on a line 
L T connecting a position T (e.g., at a position spaced 
100 meters from a vehicle 101 ) with the mount position 
of the radar device 2. The mount direction of the radar 
device is aligned such that angle 0 2 °f tne reflection tar- 
get 1 03 relative to the radar device 2 (or the intensity of 
a signal reflected from the reflection target 103) as- 
sumes a predetermined angle (or a predetermined in- 
tensity). As a result, the radar device 1 02 can be mount- 
ed on the vehicle 101 so as to be able to clearly capture 
a vehicle driving ahead of the vehicle 101 at a distance 
of 100 meters. 

[0058] Accordingly, even when the transmit/receive 
direction 1 02 is aligned in a limited space where position 
T which is a target for alignment cannot be ensured, the 
radar mount direction alignment method (15) enables 
alignment of receive/transmit direction of the radar de- 
vice 102 so as to clearly capture a target (e.g., a vehicle 
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driving ahead) located at position T which is a target for 
alignment. 

[0059] A radar mount direction alignment method (16) 
consists of any one of the radar mount direction align- 

5 ment methods (10) through (15), and is characterized 
in that, when the radar device is to be aligned in an az- 
imuth plane, the target is provided in the azimuth plane; 
or that, when the radar device is to be aligned in an el- 
evation plane, the reflection target is provided in the el- 

10 evation plane. 

[0060] A radar device encompasses a radar device of 
a type which actuates a receiving antenna provided on 
the radar device in an azimuth direction (i.e., within an 
azimuth plane) and a radar device of a type which ac- 

15 tuates the receiving antenna provided on the radar de- 
vice in an elevation direction (i.e., within an elevation 
plane). In a case where the receiving antenna is actu- 
ated within an azimuth plane, a radar device of such a 
type intensively receives a signal reflected from a target 

20 located in the same azimuth plane. When the receiving 
antenna is actuated within an elevation plane, the radar 
device intensively receives a signal reflected from a tar- 
get located in the same elevation plane. 
[0061] According to the method of aligning a mount 

25 direction of a radar device (16), when the radar device 
is aligned within an azimuth plane, the reflection target 
is placed in the azimuth plane. In contrast, when the ra- 
dar device is aligned in the elevationplane, the reflection 
target is placed in the elevation plane. As a result, the 

30 radar device can receive a signal of strong reflection in- 
tensity. Hence, the mount direction of the radar device 
can be aligned more accurately. 
[0062] A radar mount direction alignment method (17) 
consists of the radar mount direction alignment method 

35 (12), and is characterized in that a plurality of reflection 
targets are disposed at different locations. 
[0063] According to the radar mount direction align- 
ment method (17), a plurality of reflection targets are 
disposedat different locations. For instance, the trans- 

40 mit/receive direction of the radar device is aligned such 
that a difference between the intensity of signals trans- 
mitted from two different reflection targets assumes a 
predetermined intensity difference. Hence, the mount 
direction of the radar device can be aligned accurately. 

45 [0064] A radar mount direction alignment method (18) 
consists of the radar mount direction alignment method 
(17), and is characterized in that the reflection targets 
are disposed at positions where signals reflected from 
the reflection targets exert no influence on each other. 

50 [0065] According to the radar mount direction align- 
ment method (18), the reflection targets are placed at 
positions where signals reflected from the reflection tar- 
gets exert no influence on each other (e.g., the reflection 
targets are placed at different positions with reference 

55 to the radar device). Accordingly, the radar device can 
be aligned accurately on the basis of the signals reflect- 
ed from the reflection targets. 

[0066] A radar mount direction alignment method (19) 
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consists of the radar mount direction alignment method 
(17) or (18), and is characterized in that the transmit/ 
receive direction of the radar device is aligned in con- 
sideration of a difference in sensitivity for detection of 
the intensity of reflected signals which are susceptible 
to the influence of distance. 

[0067] A radar mount direction alignment method (20) 
consists of the radar mount direction alignment method 
(19), and is characterized in that, when the radar device 
is equipped with a relative distance sensor for detecting 
a distance relative to a target, there is utilized the sen- 
sitivity difference determined on the basis of a relative 
distance detected by the relative distance sensor. 
[0068] Even when two reflection targets are disposed 
at different positions; i.e., distances from the radar de- 
vice, so as assume identical relative angles with refer- 
ence to the radar device, the signal transmitted from the 
target disposed a short distance from the radar device 
is greater in intensity than that transmitted from the tar- 
get disposed at a position more distant from the radar 
device. For these reasons, when a plurality of reflection 
targets are disposed and when the transmit/receive di- 
rection of the radar device is aligned, there may be a 
risk of use of only the intensity of signals reflected from 
the reflection targets resulting in a failure to accurately 
align the transmit/receive direction of the radar device. 
[0069] According to the method of aligning a mount 
direction of a radar device (17) or (18), the transmit/re- 
ceive direction of the radar device is aligned such that 
a difference in intensity of signals reflected from two dif- 
ferent reflection targets assumes a predetermined dif- 
ference level. At this time, the signals reflected from the 
reflection targets must be prevented from exerting influ- 
ence on each other. 

[0070] For instance, signals of different frequencies 
must be used so that the radar device can separate sig- 
nals from the two reflection targets. To this end, the dis- 
tances of the reflection targets from the radar device 
must be made different. However, if the distances of the 
reflection targets from the radar device are made differ- 
ent, the difference affects the sensitivity of the radar de- 
vice for detecting the intensity of signals reflected from 
the reflection targets. The signal reflected from a long 
distance becomes lower in intensity than that reflected 
from a short distance. Consequently, according to either 
one of the radar mount direction alignment methods (19) 
and (20), a difference in intensity of signals reflected 
from the reflection targets is taken into consideration. 
Hence, even when a plurality of reflection targets for re- 
flecting a signal transmitted from a radar device are 
placed at different positions of difference distances, the 
transmit/receive direction of the radar device can be 
aligned accurately. 

[0071] When the radar device is equipped with a rel- 
ative distance sensor for sensing a distance relative to 
a target, the mount direction of the radar device can be 
aligned appropriately, by means of utilizing a difference 
in sensitivity determined on the basis of the relative dis- 



tance detected by the relative distance sensor. 
[0072] The present invention is also characterized by 
providing a radar device (1 ) having a reflection sensitiv- 
ity sensor for detecting the intensity of a signal reflected 

5 from a target and a relative distance sensor for detecting 
a distance relative to the target, the radar device com- 
prising: a detection sensitivity difference calculation de- 
vice for calculating a difference in the sensitivity in de- 
tection of the intensity of a reflected signal which is sus- 

10 ceptible to the influence of distance, on the basis of a 
distance relative to the target detected by the relative 
distance sensor. 

[0073] A radar device (2) comprises the radar device 
(1), and is characterized by further comprising memory 

15 for storing information about a sensitivity difference 
which has been determined beforehand and corre- 
sponds to a distance relative to the target, wherein the 
sensitivity difference calculation device determines a 
difference in sensitivity for detection of intensity of a re- 

20 fleeted signal which is susceptible to the influence of dis- 
tance, on the basis of a distance relative to the target 
detected by the relative distance sensor and of the in- 
formation stored in the memory. 
[0074] The radar device (1 ) or (2) is provided with the 

25 reflection sensitivity sensor for detecting the intensity of 
a reflected signal which is susceptible to the influence 
of distance. When a plurality of reflection targets are 
placed at different positions and the transmit/receive di- 
rection of the radar device is aligned in accordance with 

30 the intensity of signals reflected from the reflection tar- 
gets, the intensity being detected by the reflection inten- 
sity sensor, the sensitivity difference determined in the 
radar device can be utilized. Accordingly, the transmit/ 
receive direction of the radar device canbe aligned read- 

35 j|y and accurately. 

[0075] Further, the radar device (2) is provided with 
memory for storing information about a sensitivity differ- 
ence which has been determined beforehand and cor- 
responds to a distance relative to the target. Hence, 

40 there can be utilized the sensitivity difference which is 
determined on the basis of the distance relative to the 
target detectedby the relative distance sensor and of the 
information stored in the memory. 
[0076] The present invention is also characterized by 

45 providing a radar mount direction alignment method (21 ) 
for aligning a transmit/receive direction of a radar device 
which is mounted on a member on which a radar device 
is to be mounted, such as a vehicle, and has a beam 
scanning function, wherein a receiving section for re- 

50 ceiving a signal emitted from the radar device is dis- 
posed at a predetermined position, and the transmit/re- 
ceive direction of the radar device is aligned in accord- 
ance with a change in the level of a signal received by 
the receiving section as a result of beam scanning. 

55 [0077] According to the method of aligning a mount 
direction of a radar device (21 ), the receiving section for 
receiving a signal transmitted from the radar device is 
placed at the predetermined location. In accordance 
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with a change in the level of the signal received by the 
receiving section, the transmit/receive direction of the 
radar device is aligned. Fig. 24A shows an example of 
the relationship between a beam direction (angle) of the 
radar device and a directional pattern. 
[0078] As is evident from Fig. 24A, if a signal trans- 
mitted from the radar device at a beam direction of 0 
degree is received, the received signal assumes the 
maximum level. As the value of the beam direction be- 
comes greater than 0 degree, the level of the received 
signal becomes smaller. Accordingly, a change in the 
level of a signal received by the receiving section locat- 
ed in the main beam direction of the radar device is pri- 
marily a large change. 

[0079] As mentioned above, an intimate relationship 
exists between a change in the level of the signal re- 
ceived by the receiving section and the positional rela- 
tionship between the radar device and the receiving sec- 
tion. Hence, the mount direction of the radar device can 
be aligned in accordance with a change in the level of 
the received signal, by means of aligning the transmit/ 
receive direction of the radar device. 
[0080] A radar mount direction alignment method (22) 
consists of the method of aligning a mount direction of 
a radar (21 ), and is characterized in that a signal is emit- 
ted from the radar device toward a center direction of 
beam scanning. 

[0081] According to the method of aligning a mount 
direction of a radar device (22), a signal is emitted from 
the radar device toward a center direction of beam scan- 
ning. Hence, beam scanning is seldom wasteful, and a 
more characteristic change in level can be induced. For 
instance, provided that the receiving section A relative 
to the center direction (0 degree) of beam scanning of 
a radar device R assumes 0 degree, as shown in Fig. 
24C, if a signal is emitted in the center direction of beam 
scanning (within only a range having an angle of 0.5 de- 
gree in opposite directions with reference to a reference 
of 0 degree), a change such as that shown in Fig. 25A 
appears in the level of a signal. 
[0082] Provided that the angle of the receiving section 
A relative to the center direction T of beam scanning of 
the radar device R assumes -1 .5 degrees, as shown in 
Fig. 24B, if a signal is emitted in the center direction of 
beam scanning (in only a range having an angle of 0.5 
degree in opposite directions with reference to a refer- 
ence of 0 degree), a change such as that shown in Fig. 
25B appears in the level of a signal (here, the radar R 
performs scanning from left to right). Provided that the 
angle of the receiving section A relative to the center 
direction T of beam scan of the radar device R assumes 
1.5 degrees, as shown in Fig. 24D, if a signal is emitted 
in the center direction of beam scanning (within only a 
range having an angle of 0.5 degree in opposite direc- 
tions with reference to a reference of 0 degree), a 
change such as that shown in Fig. 25C appears in the 
level of a signal. At this time, if a signal is transmitted 
consecutively by means of rendering a beam scan rate 
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constant, a received signal assumes a continuous 
waveform, and hence stability of measurement is en- 
hanced. 

[0083] A radar mount direction alignment method (23) 
5 consists of the method of aligning a mount direction of 
a radar device (21 ) or (22), and is characterized in that 
the transmit/receive direction of the radar device is 
aligned such that the level change assumes a desired 
level change. 

10 [0084] A radar mount direction alignment method (24) 
consists of the method of aligning a mount direction of 
a radar device (23), and is characterized in that the 
transmit/receive direction of the radar device is aligned 
such that the level change becomes smaller. 

15 [0085] According to the method of aligning a mount 
direction of a radar device (23) or (24), the transmit/re- 
ceive direction of the radar device can be aligned accu- 
rately such that a change in the level of a received signal 
assumes a desired level; e.g., a change in the level of 

20 a received signal becomes smaller such as that shown 
in Fig. 25A (a receiving level remains substantially same 
at any time a., * b^), or such that there is achieved a 
predetermined difference in level between the right side 
and the left side of signal level such as those shown in 

25 Figs. 25B and 25C (i.e., a 2 -b 2 , b 3 -a 3 ). 

[0086] A radar mount direction alignment method (25) 
consists of any one of the methods of aligning a mount 
direction of a radar device (21) through (24), and is char- 
acterized in that the transmit/receive direction of the ra- 

30 dar device is aligned with regard to a level change, 
through use of information about at least one end with 
reference to a scan direction. 

[0087] According to the method of aligning a mount 
direction of a radar device (25), the transmit/receive di- 

35 rection of the radar device is aligned with regard to a 
level change through use of information about one end 
of scan direction or information about both ends of scan 
direction. For instance, in the case of a level change 
such as that shown in Fig. 25B, it is possible to ascertain 

40 whether or not alignment of transmit/receive direction of 
a radar device 202 based on receiving levels a2, b2 has 
been completed and, if the alignment has not been com- 
pleted, it is possible to ascertain a direction in which or 
the extent to which the alignment is to be performed. 

45 [0088] A radar mount direction alignment method (26) 
consists of any one of the methods of aligning a mount 
direction of a radar device (21) through (25), and is char- 
acterized in that the transmit/receive direction of the ra- 
dar device is aligned with regard to a level change with- 

50 out use of information about ends of scan direction. 
[0089] According to the method of aligning a mount 
direction of a radar device (26), a drop in the accuracy 
of alignment for a level change can be prevented, by 
means of aligning the transmit/receive direction of the 

55 radar device without use of information about the ends 
of scan direction, thereby preventing occurrence of a 
drop in the accuracy of alignment. The reason for this is 
that information about ends of scan direction corre- 
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sponds to a signal which is received by the receiving 
section immediately after commencement of transmis- 
sion of a signal from the radar device or a signal which 
is received by the receiving section immediately before 
transmission of a signal is ceased, both signals having 
the potential of immediately becoming larger or smaller. 
[0090] A radar mount direction alignment method (27) 
consists of any one of the methods of aligning a mount 
direction of a radar device (21 ) through (26), and is char- 
acterized in that the transmit/receive direction of the ra- 
dar device is aligned with regard to a level change, 
through use of amplitude information. 
[0091] According to the method of aligning a mount 
direction of a radar device (27), since the amplitude in- 
formation (e.g., the maximum peak value or the mini- 
mum peak value), which becomes a clear standard, is 
used for a level change, the transmit/receive direction 
of the radar device can be aligned with superior accu- 
racy. 

[0092] A radar mount direction alignment method (28) 
consists of any one of the methods of aligning a mount 
direction of a radar device (21 ) through (27), and is char- 
acterized in that a plurality of receiving sections are pro- 
vided at different positions. 

[0093] According to the method of aligning a mount 
direction of a radar device (28), a plurality of receiving 
sections are provided at different positions. Hence, the 
transmit/receive direction of the radar device can be 
aligned in accordance with a change in the level of a 
signal receivedby at least two receiving sections. 
Hence, the transmit/receive direction of the radar device 
can be aligned with higher certainty. 
[0094] For example, if a failure has arisen in the radar 
device and beam scanning becomes impossible, no 
change arises in the level of a signal received by one 
receiving signal. Hence, the possibility of erroneous 
alignment is conceivable. Occurrence of such errone- 
ous alignment can be prevented, and occurrence of a 
failure can be determined. 

[0095] A radar mount direction alignment method (29) 
consists of any one of the methods of aligning a mount 
direction of a radar device (21 ) through (28), and is char- 
acterized in that an unmodulated signal is transmitted 
from the radar device. 

[0096] According to the method of aligning a mount 
direction of a radar device (29), an unmodulated signal, 
such as a CW signal, rather than a modulated signal 
such as an FM-CW signal, is transmitted from the radar 
device. For instance, when the frequency of a signal re- 
ceived by the receiving section is converted into a lower 
frequency (e.g., an intermediate frequency), acquisition 
of a single intermediate frequency is facilitated. As a re- 
sult, measurement of a receiving level becomes very 
easy. 

[0097] The present invention is also characterized by 
providing a radar mount direction alignment device con- 
stituted of a receiving section to be used with any one 
of the radar mount direction alignment methods (21) 
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through (29), the device comprising a converter for con- 
verting the frequency of a signal received by the receiv- 
ing section into a lower frequency. 
[0098] When a signal to be transmitted from the radar 

5 device is of high frequency, very high speed processing 
is required. However, the radar mount direction align- 
ment device (12) is provided with the converter for con- 
verting the frequency of a signal received by the receiv- 
ing section into a lower frequency (e.g., an intermediate 

10 frequency). Therefore, occurrence of such a problem 
can be prevented. 

[0099] The present invention is also characterized by 
providing a radar mount direction alignment device con- 
stituted of a receiving section to be used with any one 

15 of the radar mount direction alignment methods (21) 
through (29), the device comprising a measurement in- 
strument for measuring a receiving level from the signal 
received by the receiving section through use of an FFT 
(fast Fourier transform) system. 

20 [0100] According to the radar mount direction align- 
ment device (1 3), a receiving level at a desired time can 
be readily determined from waveform information or like 
information. Hence, the mount of the radar device can 
be aligned more easily in accordance with a change in 

25 the level of a received signal. 

Fig. 1 A is a descriptive view for describing a method 
of aligning a radar mount direction according to a 
first embodiment of the present invention, and Fig. 

30 1B is a block diagram schematically showing the 
principal section of a radar device; 
Figs. 2A and 2B are block diagrams schematically 
showing the principal section of the radar mount di- 
rection alignment device according to the first em- 

35 bodiment; 

Figs. 3A and 3B are block diagrams schematically 
showing the principal section of the radar mount di- 
rection alignment device according to the first em- 
bodiment; 

40 Fig. 4A is a descriptive view for describing a method 
of aligning a radar mount direction according to a 
second embodiment of the present invention, and 
Fig. 4B is a block diagram schematically showing 
the principal section of a radar device; 

45 Fig. 5 is a view showing a relationship between the 
angle of a target with reference to a radar device 
and reflection intensity; 

Fig. 6A is a descriptive view for describing a method 
of aligning a radar mount direction according to a 

so third embodiment of the present invention, and Fig. 
6B is a block diagram schematically showing the 
principal section of a radar device; 
Fig. 7 is a descriptive view for describing a method 
of aligning a radar mount direction according to a 

55 fourth embodiment of the present invention; 

Fig. 8A is a descriptive view for describing a method 
of aligning a radar mount direction according to a 
fifth embodiment of the present invention, and Fig. 
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8B is a block diagram schematically showing the 

principal section of a radar device; 

Fig. 9 is a view showing a relationship between the 

angle of a target with reference to a radar device 

and reflection intensity; 5 

Fig. 1 0 is a descriptive view for describing a method 

of aligning a radar mount direction according to a 

sixth embodiment of the present invention; 

Fig. 11 is a view showing a relationship between the 

angle of a target with reference to a radar device 10 

and reflection intensity; 

Fig. 12 is a block diagram schematically showing 
the principal section of the radar mount direction 
alignment device; 

Figs. 1 3A and 1 3B are block diagrams schematical- 15 
ly showing the principal section of the radar mount 
direction alignment device; 
Fig. 1 4a is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 
a seventh embodiment of the present invention, and 20 
Fig. 14b is a block diagram schematically showing 
the principal section of a radar device; 
Fig. 1 5 is a view showing a relationship between the 
angle of a target with reference to a radar device 
and reflection intensity; 25 
Fig. 1 6A is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 
an eighth embodiment of the present invention, and 
Fig. 16B is a block diagram schematically showing 
the principal section of a radar device; 30 
Fig. 1 7A is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 
a ninth embodiment of the present invention, and 
Fig. 17B is a block diagram schematically showing 
the principal section of a radar device; 
Fig. 1 8A is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 
a tenth embodiment of the present invention, and 
Fig. 18B is a block diagram schematically showing 
the principal section of a radar device; 40 
Fig. 1 9 is a view showing a relationship between the 
angle of a target with reference to a radar device 
and reflection intensity; 

Fig. 20A is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 45 
an eleventh embodiment of the present invention, 
and Fig. 20B is a block diagram schematically 
showing the principal section of a radar device; 
Fig. 21 is a view showing a relationship between the 
angle of a target with reference to a radar device 50 
and reflection intensity; 

Fig. 22A is a descriptive view for describing a meth- 
od of aligning a radar mount direction according to 
a twelfth embodiment of the present invention, and 
Fig. 22B is a block diagram schematically showing 55 
the principal section of a radar device; 
Fig. 23 is a view showing a relationship between the 
angle of a target with reference to a radar device 



and reflection intensity; 

Fig. 24A is a view showing an example relationship 
between a beam direction of the radar device and 
a directional pattern; 

Figs. 24B through 24D are views for describing a 
positional relationship between the radar device 
and an antenna; 

Figs. 25A through 25C are each views showing an 
example of a change in the level of a signal received 
by a receiving section in accordance with a position- 
al relationship between a radar device and the re- 
ceiving section; 

Fig. 26 is a descriptive view for describing a method 
of aligning a radar mount direction according to a 
thirteenth embodiment of the present invention; 
Fig. 27 is a view showing one example of changes 
in the level of a signal received by an antenna; 
Fig. 28 is a view showing one example of changes 
in the level of a signal received by an antenna; 
Fig. 29 is a view showing one example of changes 
in the level of a signal received by an antenna; and 
Fig. 30 is a descriptive view for describing a method 
of aligning a radar mount direction according to a 
fourteenth embodiment of the present invention. 
Fig. 31 shows a side view showing a radar mount 
direction alignment system according to a fifteenth 
embodiment of the present invention. 
Fig. 32 shows antennas as seen from a radar in the 
signal transmitting direction. 
Fig. 33 shows a relation between alignment disor- 
der and intensity difference. 



[0101] Embodiments of a device and method of align- 
ing a radar mount direction according to the present in- 
35 vention will be described hereinbelow by reference to 
the accompanying drawings. 

First Embodiment 



[0102] A method of aligning a radar mount direction 
according to a first embodiment will now be described, 
by means of taking, as an example, a case where the 
transmit/receive direction of a radar device 2 mounted 
on a vehicle 1 is controlled. As shown in Fig. 1A, the 
radar device 2 is mounted on the front of the vehicle 1 . 
A transmission section 3 of a radar mount direction 
alignment device (hereinafter also called simply "align- 
ment device") is disposed at a position (which is a target 
used for aligning the mount direction of the radar device 
2) spaced distance (e.g., tens of centimeters to one 
meter) from the vehicle 1. 

[01 03] The alignment device has the function of trans- 
mitting, toward the radar device 2, a signal which be- 
haves as if having been transmitted from a substance 
farther from the radar device 2 than a distance S 1 or the 
function of sending a signal toward the radar device 2 
with a predetermined delay time. The radar device 2 and 
the transmission section 3 are situated at a height "h" 
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and aligned with a longitudinal center line Lc of the ve- 
hicle 1 . In the drawing, 9^ denotes the angle of the trans- 
mission section 3 with reference to the center line L 1 of 
the sensing area of the radar device 2. 
[0104] As shown in Fig. 1B, the radar device 2 is 5 
equipped with a transmit/receive antenna 4 which ro- 
tates within a horizontal plane; and a relative angle sen- 
sor 5 for detecting a relative angle with reference to a 
target (i.e., an azimuth angle). Information about the an- 
gle 8i of the transmission section 3 detected by the rel- 10 
ative angle sensor 5 is output to the outside from the 
radar device 2 and is provided on a display device (not 
shown). 

[0105] When the mount direction of the radar device 
2 is aligned, the transmit/receive direction of the radar *5 
device 2 is aligned such that the angle 8-, assumes a 
predetermined value (e.g., 0 degree) while the angle 0 1 
is detected by the relative angle sensor 5. 
[0106] Under the radar mount direction alignment 
method according to the first embodiment, the transmis- 20 
sion section 3 is provided on the longitudinal center line 
Lc of the vehicle 1 and in the position spaced distance 
from the vehicle 1. The transmit/receive direction of 
the radar device 2 is aligned such that the angle G., of 
the transmission section 3 with reference to the radar 25 
device 2 detected by the relative angle sensor 5 be- 
comes a predetermined angle. Hence, the mount direc- 
tion can be aligned accurately. 
[0107] An ordinary radar device; for example, a radar 
device of FM-CW mode, involves noise components so 
stemming from the radar itself, or limitations are im- 
posed on the resolving power of a measurement section 
of the radar. In relation to a radar device of pulse mode, 
limitations are imposed on pulse width. Hence, the 
pulse-mode radar encounters difficulty in measuring a 35 
target disposed at short range. However, the alignment 
device has the function of sending, toward the radar de- 
vice 2, a signal which behaves as if having been re- 
ceived at and transmitted from an object farther from the 
radar device 2 than distance S^, or the function of send- 40 
ing a signal toward the radar device 2 with a predeter- 
mined period of delay time. Hence, an attempt can be 
made to reduce the space required for alignment. 
[0108] Next will be described an adjustment device 
having the function of sending, toward the radar device 45 
2, a signal which behaves as if having been received at 
and transmitted from an object disposed at a position 
farther from the radar device 2 than a distance of S 1t or 
the function of sending a signal toward the radar device 
2 with a predetermined period of delay time. 50 
[0109] Figs. 2A and 2B show radar mount direction 
alignment devices 1 1 and 21 . The radar mount direction 
device 11 comprises an antenna 12 for receiving a sig- 
nal transmitted from the radar device 2; a transmission 
line 13 for transmitting a signal; an antenna 14 for trans- 55 
mitting, to the radar device 2, the signal that has been 
transmitted over the transmission line 1 3; and direction- 
al couplers 15, 16. When the signal emitted from the ra- 
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dar device 2 is received by the antenna 12, a signal is 
transmitted from the antenna 14 toward the radar device 
2, wherein the signal behaves as if having been received 
at and transmitted from a position spaced distance Si 
from the radar device 2, plus a distance corresponding 
to half the distance equivalent to a time delay deter- 
mined by the length of the transmission line 13. 
[0110] The radar mount direction alignment device 21 
has a transmit/receive antenna 22; a transmission line 
23 for transmitting a signal; and a reflector 24 connected 
to the transmission line 23. When the signal emitted 
from the radar device 2 is received by the antenna 22, 
a signal is transmitted from the antenna 22 toward the 
radar device 2, wherein the signal behaves as if having 
been received at and transmitted from a position spaced 
distance S 1 from the radar device 2, plus a distance cor- 
responding to a time delay determined by the length of 
the transmission line 13. 

[0111] Here, the antenna 12 is provided at the en- 
trance of the transmission line 13, and the antenna 14 
is provided at the exit of the same. Further, the antenna 
22 is provided at the entrance/exit of the transmission 
line 23. Alternatively, another member for improving the 
transmit/receive sensitivity, such as a lens, may be pro- 
vided in lieu of the antenna. The transmission lines 13 
and 23 include a waveguide, a dielectric line, and an 
optical fiber. As shown in Figs. 3A and 3B, there may 
also be employed a radar mount direction alignment de- 
vice 11 A having an amplifier 17 provided in the trans- 
mission line 1 3, or a radar mount direction alignment de- 
vice 21 A having an amplifier 25 provided in the trans- 
mission line 23. Use of these devices enable recovery 
of a signal level which will drop in the course of the signal 
passing through the transmission line 13 or 23. 

Second Embodiment 

[0112] A method of aligning a radar mount direction 
according to a second embodiment of the present in- 
vention will now be described. As shown in Fig. 4A, a 
radar device 2A is mounted on the front of the vehicle 
1 . The transmission section 3 of the alignment device is 
disposed at a position spaced distance S-j (e.g., tens of 
centimeters to one meter) from the vehicle 1 . 
[0113] The alignment device has the function of trans- 
mitting, toward the radar device 2A, a signal which be- 
haves as if having been transmitted from further from 
the radar device 2A than distance S 3 , or the function of 
sending a signal toward the radar device 2A with a pre- 
determined delay time. The radar device 2A and the 
transmission section 3 are situated at a height "h" and 
aligned with a longitudinal center line Lc of the vehicle 
1 . In the drawing, 9-j denotes the angle of the transmis- 
sion section 3 with reference to the radar device 2A. 
[0114] As shown in Fig. 4B, the radar device 2A is 
equipped with a transmit/receive antenna 4 which ro- 
tates within a horizontal plane (a stationary antenna may 
alternatively be employed); and a signal intensity sensor 
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6 for detecting the intensity of an external signal. Infor- 
mation about the intensity of a signal output from the 
transmission section 3, the intensity being detected by 
the signal intensity sensor 6, is output to the outside from 
the radar device 2A and is provided on a display device 5 
(not shown). As shown in Fig. 5, when the angle 0 1 of 
the transmission section 3 with reference to the radar 
device 2A is 0 degree, the signal output from the trans- 
mission section 3 assumes the highest intensity. As the 
value of the angle increases, the intensity of the sig- 10 
nal becomes smaller. 

[01 15] When the mount direction of the radar device 
2A is aligned, the transmit/receive direction of the radar 
device 2A is aligned such that signal intensity attains a 
predetermined level (e.g., the maximum intensity) while 15 
signal intensity is detected by the signal intensity sensor 
6. 

[0116] Under the method for aligning a radar mount 
direction according to the second embodiment, the 
transmission section 3 is provided on the longitudinal 20 
center line Lc of the vehicle 1 and at the position spaced 
distance Si from the vehicle 1 , The transmit/receive di- 
rection of the radar device 2A is aligned such that the 
intensity of the signal output from the transmission sec- 
tion 3, the intensity being detected by the signal intensity 25 
sensor 6, attains a predetermined level. Accordingly, a 
mount direction can be aligned accurately. 
[01 1 7] An ordinary radar device; for example, a radar 
device of FM-CW mode, involves noise components 
stemming from the radar itself, or limitations are im- 30 
posed on the resolving power of a measurement section 
of the radar. In relation to a radar device of pulse mode, 
limitations are imposed on pulse width. Hence, the 
pulse-mode radar encounters difficulty in measuring a 
target disposed at short range. However, the alignment 35 
device has the function of sending, toward the radar de- 
vice 2A, a signal which behaves as if having been re- 
ceived at and transmitted from a position further from 
the radar device 2distant than a distance of S 1f or the 
function of sending a signal toward the radar device 2 A 40 
with a predetermined period of delay time. Hence, an 
attempt can be made to reduce the space required for 
alignment. 

Third Embodiment 45 

[0118] A method of aligning a radar mount direction 
according to a third embodiment of the present invention 
will now be described. As shown in Fig. 6A, a radar de- 
vice 2B is mounted on the front of the vehicle 1 . Trans- so 
mission sections a 1t a 2 of the alignment device are dis- 
posed at positions spaced distance S 1 (e.g., tens of cen- 
timeters to one meter) from the vehicle 1. Here, the 
transmission section a^ is provided on the longitudinal 
center line Lc of the vehicle 1 , and the transmission sec- 55 
tion a 2 is provided at a position offset from the center 
line Lc by angle 8 2 . 

[0119] As shown in Fig. 6B, the radar device 2B is 
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equipped with the transmit/receive antenna 4 which ro- 
tates within a horizontal plane, and a relative angle sen- 
sor 5 for sensing a relative angle with reference to the 
target. Information about angles of the transmission 
sections a 1t a 2 detected by the relative angle sensor 5 
is output to the outside from the radar device 2B. The 
information is then displayed on a display device (not 
shown). 

[0120] When the mount direction of the radar device 
2B is aligned, the transmit/receive direction of the radar 
device 2B is aligned such that the angular difference de- 
fined between the transmission sections a^ and a 2 as- 
sumes 6 2 while the relative angle is detected by the rel- 
ative angle sensor 5. 

[0121] So long as the transmit/receive direction of the 
radar device 2B is aligned such that the angular differ- 
ence assumes 9 2 , the transmit/receive direction of the 
radar device 2B will be aligned such that the angle of 
the transmission section a A relative to the radar device 
2B assumes 0 degree. 

[0122] Under the method for aligning a radar mount 
direction according to the third embodiment, the trans- 
mission sections a 1v a 2 are disposed at different posi- 
tions. The transmit/receive direction of the radar device 
2B is aligned such that the angular difference defined 
between the transmission sections a 1( a 2 assumes a 
predetermined value (9 2 in this case). Hence, an accu- 
rate mount direction can be aligned. 

Fourth Embodiment 

[0123] A method of aligning a radar mount direction 
according to a fourth embodiment of the present inven- 
tion will now be described. As shown in Fig. 7, the radar 
device 2B is mounted on the front of the vehicle 1 . Trans- 
mission sections a 3 , a 4 of the alignment device are dis- 
posed at positions spaced distance (e.g., tens of cen- 
timeters to one meter) from the vehicle 1. Here, the 
transmission section a 3 is disposed at a position offset 
from the longitudinal center line Lc of the vehicle 1 by 
angle 6 3 , and the transmission section a 4 is disposed at 
a position offset from the center line Lc by angle 8 4 . 
[0124] When the mount direction of the radar device 
2B is aligned, the transmit/receive direction of the radar 
device 2B is aligned such that the transmission section 
a 3 and the transmission section a 4 assume identical an- 
gles 6 3 while the relative angle is being detected by the 
relative angle sensor 5. 

[0125] So long as the transmit/receive direction of the 
radar device 2B is aligned such that the relative angles 
of the transmission sections a 3 , a 4 become identical with 
each other, the transmit/receive direction of the radar 
device 2B will be aligned such that the angle of the trans- 
mission section a 3 relative to the radar device 2B and 
the angle of the transmission section a 4 relative to the 
radar device 2B assume 9 3 . More specifically, the trans- 
mit/receive direction of the radar device 2B is aligned 
such that a center line L 4 of the sensing area of the radar 
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device 2B is aligned exactly with the center line Lc. 
[0126] Under the method for aligning a radar mount 
direction according to the fourth embodiment, the trans- 
mission sections a 3 , a 4 are disposed symmetrically with 
respect to the center line Lc. The transmit/receive direc- 
tion of the radar device 2B is aligned such that the trans- 
mission sections a 3 and a 4 assume identical relative an- 
gles. Hence, an accurate mount direction can be 
aligned. 

Fifth Embodiment 

[0127] A method of aligning a radar mount direction 
according to a fifth embodiment of the present invention 
will now be described. As shown in Fig. 8A, a radar de- 
vice 2C is mounted on the front of the vehicle 1 . A trans- 
mission section a 5 of the alignment device is disposed 
at a position spaced distance S 1 (e.g., tens of centime- 
ters to one meter) from the vehicle 1 . Further, a trans- 
mission section a 6 of the alignment device is disposed 
at a position spaced distance S 3 (e.g., one to two me- 
ters) from the vehicle 1 . The transmission section a 5 is 
provided on the longitudinal center line Lc of the vehicle 
1 , and the transmission section a 6 is provided at a po- 
sition offset from the center line Lc by angle 9 5 . 
[0128] As shown in Fig. 8B, the radar device 2C is 
equipped with the transmit/receive antenna 4 which ro- 
tates within a horizontal plane; the signal intensity sen- 
sor 6 for detecting the intensity of a signal reflected by 
a target; a relative distance sensor 7 for sensing a rela- 
tive distance between the radar device 2C and the tar- 
get; and a sensitivity difference calculation device 8 for 
determining a difference in sensitivity between the in- 
tensity of signals on the basis of the relative distance 
from the target detected by the relative distance sensor 
7. Information about the intensity of signals reflected by 
the transmission sections a 5 , a 6 and detected by the sig- 
nal intensity sensor 6 and information about sensitivity 
difference are output to the outside of the radar device 
2C. The information is then displayed on a display de- 
vice (not shown). 

[0129] Methods of determining a sensitivity difference 
include a method of determining a sensitivity difference 
using a radar equation, and a method of determining a 
sensitivity difference using the information stored in the 
memory which stores information about a sensitivity dif- 
ference appropriate to a relative distance from the tar- 
get. 

[0130] Fig. 9 shows a relationship between an angle 
defined between the radar device 2C and the target, and 
the intensity of the signal transmitted from the target. In 
the drawing, denotes the relationship between the 
angle of the target disposed at a position spaced from 
the radar device 2C by distance S 1 and the intensity of 
the signal transmitted from the target. In the drawing, C 2 
denotes the relationship between the angle of the target 
disposed at a position spaced from the radar device 2C 
by distance S 3 and the intensity of the signal transmitted 
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from the target. 

[0131] As shown in Fig. 9, even when two transmis- 
sion sections are disposed at different positions relative 
to the radar device 2C so as assume an identical relative 

5 angle with reference to the radar device 2C, the signal 
transmitted from an object disposed a short distance 
from the radar device 2C is greater in intensity than that 
transmitted from an object disposed at a position more 
distant from the radar device 2C. For instance, the angle 

10 defined between the radar device 2C and the transmis- 
sion section a 6 and the angle defined between the radar 
device 2C and a transmission section a 6 . both assume 
6 2 . However, the signal output from the transmission 
section a 6 . is greater in intensity than that output from 

15 the transmission section a 6 by x 2 . 

[0132] When the mount direction of the radar device 
2C is aligned, the sensitivity difference calculation de- 
vice 8 computes a sensitivity difference, and the inten- 
sity of signals is detected by the signal intensity sensor 

20 6. The transmit/receive direction of the radar device 2C 
is aligned such that a difference between the intensity 
of the signal output from the transmission section a 5 and 
the intensity of the signal output from the transmission 
section a 6 that takes into account a sensitivity difference 

25 x 2 attains a predetermined level (x^ in this case). 

[0133] For instance, if the transmit/receive direction 
of the radar device 2C is aligned such that the intensity 
difference assumes a predetermined level x 1t the trans- 
mit/receive direction of the radar device 2C is aligned 

30 such that the angle of the transmission section a 5 rela- 
tive to the radar device 2C assumes 0 degree, as shown 
in Fig. 9. 

[01 34] Under the method of aligning a radar mount di- 
rection according to the fifth embodiment, a difference 

35 in sensitivity between the intensity of signals which are 
susceptible to the influence of distance is taken into con- 
sideration. Hence, the transmission sections a 5 , a 6 are 
disposed at appropriate positions, and the transmit/re- 
ceive direction of the radar device 2C can be aligned 

40 accurately through use of the intensity of the signals out- 
put from the transmission sections a 5 , a 6 . 

Sixth Embodiment 

45 [0135] A method of aligning a radar mount direction 
according to a sixth embodiment of the present inven- 
tion will now be described. As shown in Fig. 1 0, the radar 
device 2C is mounted on the front of the vehicle 1 . A 
transmission section a 7 of the alignment device is dis- 

50 posed at a position spaced distance S 2 (e.g., tens of 
centimeters to one meter) from the vehicle 1. Further, a 
transmission section a 8 of the alignment device is dis- 
posed at a position spaced distance S 4 (e.g., one meter 
to two meters) from the vehicle 1 . Here, the transmission 

55 sections a 7 , a 8 are disposed at opposite directions from 
the longitudinal center line Lc of the vehicle 1 , by angle 
0 3 from the longitudinal center line. 
[01 36] Fig. 1 1 shows a relationship between an angle 
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defined between the radar device 2C and the target and 
the intensity of the signal transmitted from the target. In 
the drawing, C 3 denotes the relationship between the 
angle of the target disposed at a position spaced from 
the radar device 2C by distance S 2 and the intensity of 5 
the signal transmitted from the target. In the drawing, C 4 
denotes the relationship between the angle of the target 
disposed at a position spaced from the radar device 2C 
by distance S 4 and the intensity of the signal transmitted 
from the target. 10 
[01 37] As shown in Fig. 1 1 , even when two transmis- 
sion sections are disposed at different positions relative 
to the radar device 2C so as assume identical relative 
angles with reference to the radar device 2C, the signal 
transmitted from an object disposed a short distance 15 
from the radar device 2C is greater in intensity than that 
transmitted from an object disposed at a position more 
distant from the radar device 2C. For instance, the angle 
defined between the radar device 2C and the transmis- 
sion section a 8 and the angle defined between the radar 20 
device 2C and transmission sections a 7 , a 6 . assume 
identical angles 8 3 . However, the signals output from the 
transmission sections a 7 , a 6 . are greater in intensity than 
that output from the transmission sections a 8 by x 3 . 
[0138] When the mount direction of the radar device 25 
2C is aligned, the sensitivity difference calculation de- 
vice 8 (see Fig. 8) computes a sensitivity difference, and 
the intensity of signals is detected by the signal intensity 
sensor 6 (see Fig. 8). The transmit/receive direction of 
the radar device 2C is aligned such that a difference be- 30 
tween the intensity of the signal output from the trans- 
mission section a 7 and the intensity of the signal output 
from the transmission section a 8 that takes into account 
a sensitivity difference x 3 disappears. 
[0139] If the transmit/receive direction of the radar de- 35 
vice 2C is aligned such that the intensity difference dis- 
appears, the transmit/receive direction of the radar de- 
vice 2C is aligned such that the angle of the transmission 
section a 7 relative to the radar device 2C and the angle 
of the transmission section a 8 relative to the radar de- 40 
vice 2C both assume 6 3 , as shown in Fig. 11. In other 
words, a center line L 6 of the sensing area of the radar 
device 2C is aligned exactly with the center line Lc. 
[0140] Under the method of aligning a radar mount di- 
rection according to the sixth embodiment, a difference 45 
in sensitivity between the intensity of signals which are 
susceptible to the influence of distance is taken into con- 
sideration. Hence, the transmission sections a 7 , a 8 are 
disposed at appropriate locations, and the transmit/re- 
ceive direction of the radar device 2C can be aligned 50 
accurately through use of the intensity of the signals out- 
put from the transmission sections a 7 , a 8 . 
[0141] Under the method of aligning a radar mount di- 
rection according to the fifth (or sixth) embodiment, the 
distance of the transmission section a 5 (or a 7 ) from the 55 
radar device 2C is set so as to differ from the distance 
of the transmission section a6 (or a 8 ) from the radar de- 
vice 2C so as to prevent the signal output from the trans- 



26 

mission section a 5 (a 7 ) and that output from the trans- 
mission section a 6 (a 8 ) from exerting no influence on 
each other. However, under a method of aligning a radar 
mount direction according to another embodiment, a 
transmission line of the alignment device having the 
transmission section a 6 (a 8 ) may be set so as to become 
longer than that of the alignment device having the 
transmission section a 5 (a 7 ). As a result, an attempt can 
be made to reduce the space required for alignment. 
[0142] As shown in Fig. 1 2, when a plurality of trans- 
mission sections are disposed, there may be employed 
a radar mount direction alignment device 31 equipped 
with a branch device 32 for branching a received signal 
into a plurality of signals. Alternatively, as shown in Figs. 
13A and 13B, there may be employed radar mount di- 
rection alignment devices 31 A, 31 B having amplifiers 33 
through 35 provided in transmission lines. Use of the 
radar mount direction alignment device 31 equipped 
with the branch device 32 enables sharing of the receiv- 
ing section 1 3 even when the transmission sections 1 4a, 
14b differ from each other. A difference between the sig- 
nals transmitted from the transmission sections 14a, 
14b lies in only the lengths of transmission lines and the 
locations where the transmission sections 14a, 14b are 
provided. Hence, the radar mount direction can be 
aligned more precisely. 

[0143] Under the method of aligning a radar mount di- 
rection according to any one of the first through sixth 
embodiments, there is described only a case where the 
mount directions of the radar devices 2 and 2A through 
2C are aligned within a horizontal plane. However, the 
radar devices 2 and 2A through 2C are provided with a 
transmit/receive antenna which rotates within a vertical 
plane. Even when the mount directions of the radar de- 
vices 2 and 2A through 2C are aligned within a vertical 
plane, the radar mount direction can be aligned in the 
same manner as described previously. 

Seventh Embodiment 

[0144] A method of aligning a radar mount direction 
according to a seventh embodiment of the present in- 
vention will now be described. As shown in Fig. 14A, a 
radar device 2D is mounted on the front of the vehicle 
1 . A transmission section a 9 and a receiving section b 9 
of a radar mount direction alignment device and a 
transmission section a 10 and a receiving section b 10 of 
an alignment device D 2 are provided at a position 
spaced from the vehicle 1 by distance S 5 (e.g., tens of 
centimeter to one meter). 

[0145] The alignment device D 1 is arranged so as to 
transmit, toward the radar device 2D from the transmis- 
sion section a 9 , a signal which behaves as if having 
been received at and transmitted from a position spaced 
distance S 5 from the radar device 2D (e.g., a position 
separated five meters from the radar 2D). The alignment 
device D 2 is arranged so as to transmit, toward the radar 
2 from the transmission section a 10 , a signal which be- 
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haves as if having been received at and transmitted from 
a position spaced distance S 5 from the radar device 2D 
(e.g., a position separated 1 0 meters from the radar 2D). 
[0146] As shown in Fig. 14B, the radar device 2D is 
equipped with the transmit/receive antenna 4 which ro- 5 
tates within a horizontal plane; the relative angle sensor 
5 for detecting a relative angle with reference to a target 
(i.e., an azimuth angle); the signal intensity sensor 6 for 
detecting the intensity of a signal reflected by a target; 
a relative distance sensor 7 for sensing a relative dis- 10 
tance between the radar device 2D and the target; and 
the sensitivity difference calculation device 8 for deter- 
mining a difference in sensitivity between the intensity 
of signals on the basis of the relative distance from the 
target detected by the relative distance sensor 7. Infor- *5 
mation about the azimuth angle 9 4 of the transmission 
section a 9 detectedby the relative angle sensor 5 and 
information about the intensity of the signals transmitted 
from the transmission sections a 9 , a 10 , the intensity be- 
ing detected by the signal intensity sensor 6, are output 20 
to the outside by way of the radar 2D. The information 
is then displayed on a display device (not shown). 
[0147] Fig. 1 5 shows a relationship between an angle 
(here an elevation angle) defined between the radar de- 
vice 2D and the target and the intensity of the signal 25 
transmitted from the target. In the drawing, C 5 denotes 
the relationship between the elevation angle of the tar- 
get (e.g., the transmission section a 9 ) disposed at a po- 
sition spaced a predetermined distance (several me- 
ters) from the radar device 2D and the intensity of the 30 
signal transmitted from the target. In the drawing, C 5 de- 
notes the relationship between the elevation angle of the 
target disposed at a position spaced a predetermined 
distance (several meters) from the radar device 2D and 
the intensity of the signal transmitted from the target. 35 
[0148] As shown in Fig. 1 5, even when two transmis- 
sion sections are disposed at different positions relative 
to the radar device 2D so as assume an identical relative 
angle with reference to the radar device 2D, the signal 
transmitted from an object disposed a short distance *o 
from the radar device 2D is greater in intensity than that 
transmitted from an object disposed at a position more 
distant from the radar device 2D. For instance, the ele- 
vation angle of the transmission section a 10 relative to 
the radar device 2D and the elevation angle of the trans- 45 
mission section a 10 , relative to the radar device 2D as- 
sume identical angles 0 5 . However, the signal transmit- 
ted from the transmission section a 10 - is greater in inten- 
sity than that output from the transmission sections a 10 
by x 4 . 50 
[0149] When the mount direction of the radar device 
2D is aligned, the sensitivity difference calculation de- 
vice 8 computes a sensitivity difference, and the inten- 
sity of signals is detected by the signal intensity sensor 
6. The transmit/receive direction of the radar device 2D 55 
is aligned such that a difference between the intensity 
of the signal output from the transmission section a 9 and 
the intensity of the signal output from the transmission 
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section a 10 that takes into account a sensitivity differ- 
ence x 4 assumes a predetermined intensity difference 
level (here x 5 ). Moreover, the transmit/receive direction 
of the radar device 2D is aligned such that the azimuth 
angle 9 4 becomes a predetermined angle (e.g., 0 de- 
gree) while the azimuth angle G 4 is detected by the rel- 
ative angle sensor 5. 

[0150] If the transmit/receive direction of the radar de- 
vice 2D is aligned such that the intensity difference as- 
sumes a predetermined intensity difference level x 5> the 
transmit/receive direction of the radar device 2D is 
aligned such that the elevation angle of the transmission 
section a 9 relative to the radar device 2D becomes 0 
degree. In contrast, if the transmit/receive direction of 
the radar device 2D is aligned such that the azimuth an- 
gle 6 4 assumes 0 degree, a center L 7 of the radar device 
2D is aligned with the center line Lc. 
[01 51 ] Under the method of aligning a radar mount di- 
rection according to the seventh embodiment, the trans- 
mit/receive direction of the radar device 2D is aligned in 
the azimuth plane on the basis of the relative angle de- 
tected by the relative angle sensor 5. Further, the trans- 
mit/receive direction of the radar device 2D is aligned in 
the elevation plane on the basis of the intensity of the 
signal detected by the signal intensity sensor 6. As a 
result, the mount direction of the radar device 2D can 
be accurately aligned with respect to both azimuth and 
elevation. 

[0152] Although the method of aligning a radar ac- 
cording to the seventh embodiment has adopted the ra- 
dar mount direction alignment devices D^ D 2 such as 
those shown in Fig. 2A, a method of aligning a radar 
mount direction according to another embodiment may 
adopt radar mount direction alignment devices such as 
those shown in Figs. 2B, 3A, and 3B. 

Eighth Embodiment 

[0153] A method of aligning a radar mount direction 
according to an eighth embodiment of the present in- 
vention will now be described, by means of taking as an 
example a case where a transmit/receive direction of a 
radar device 102 mounted on a vehicle 101 is to be 
aligned. As shown in Fig. 16A, a reflection target 103 is 
disposed at a position (i.e., the position of a target with 
which the mount direction of the radar device 102 is to 
be aligned) spaced distance S 1 (e.g., 10 meters) from 
the vehicle 1 01 . The radar device 1 02 and the reflection 
target 1 03 are placed at a height "h" and at positions 
along a longitudinal center line Lc of the vehicle 101. 
Further, provided in the drawing denotes the angle of 
the reflection target 103 with reference to the center line 
L 1 of the sensing area of the radar device 102. 
[0154] As shown in Fig. 16B, the radar device 102 is 
equipped with a transmit/receive antenna 104 which ro- 
tates within a horizontal plane, and a relative angle sen- 
sor 105 for sensing a relative angle (an azimuth angle 
in this case) with reference to the target. Information 
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about the angle 8 1 of the reflection target 103 detected 
by the relative angle sensor 1 05 is output to the outside 
from the radar device 102. The information is then dis- 
played on a display device (not shown). 
[0155] When the mount direction of the radar device 
102 is aligned, the transmit/receive direction of the radar 
device 1 02 is aligned such that the angle 0 1 assumes a 
predetermined value (e.g., 0 degree) while the angle 8 1 
is detected by the relative angle sensor 105. 
[0156] Under the method for aligning a radar mount 
direction according to the eighth embodiment, the re- 
flection target 1 03 is provided on the longitudinal center 
line Lc of the vehicle 101 and at the position spaced 
from the vehicle 101. The transmit/receive direction of 
the radar device 102 is aligned such that the angle 9-, of 
the reflection target 103 with reference to the radar de- 
vice 102 detected by the relative angle sensor 105 as- 
sumes a predetermined angle. Thus, the mount direc- 
tion of the radar device 1 02 can be aligned accurately. 

Ninth Embodiment 

[0157] A method of aligning a radar mount direction 
according to a ninth embodiment of the present inven- 
tion will now be described. As shown in Fig. 1 7A, the 
radar device 102 is mounted on the front right section 
of the vehicle 101. Position T is set on the longitudinal 
center line Lc of the vehicle 101 and at a location (i.e., 
the position of a target with which the mount direction of 
the radar device 1 02 is to be aligned) spaced a distance 

5 2 (e.g., 100 meters) from the vehicle 101. The reflec- 
tion target 103 is disposed on a line L T connecting the 
radar device 1 02 with the position T. Here, the radar de- 
vice 102 and the reflection target 103 are placed at a 
height "h." Further, the reflection target 103 is provided 
at a position spaced from the vehicle 101 by distance 

5 3 (e.g., 10 meters). In the drawing, 0 2 denotes the an- 
gle of the reflection target 1 03 with reference to the cent- 
er line L 2 of the radar device 102. 

[0158] As shown in Fig. 17B, the radar device 102 is 
equipped with a transmit/receive antenna 104 which ro- 
tates within a horizontal plane, and a relative angle sen- 
sor 105 for sensing a relative angle (an azimuth angle 
in this case) with reference to the target. Information 
about the angle 0 2 of the reflection target 103 detected 
by the relative angle sensor 1 05 is output to the outside 
from the radar device 102. The information is then dis- 
played on a display device (not shown). 
[0159] When the mount direction of the radar device 
1 02 is aligned, the transmit/receive direction of the radar 
device 1 02 is aligned such that the angle 0 2 assumes a 
predetermined value (e.g., 0 degree) while the angle 0 2 
is detected by the relative angle sensor 105. 
[0160] Under the method of aligning a radar mount di- 
rection according to the ninth embodiment, the reflection 
target 103 is disposed on the line L T that connects the 
mount position of the radar device 1 02 with the position 
T serving as the position of a target with which the mount 
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direction of the radar device 102 is to be aligned. The 
transmit/receive direction of the radar device 102 is 
aligned such that the angle 0 2 of the reflection target 1 03 
with reference to the radar device 102 detected by the 
5 relative angle sensor 1 05 assumes a predetermined an- 
gle. Thus, the mount direction of the radar device 102 
can be aligned accurately. 

[0161] As shown in Fig. 17A, the transmit/receive di- 
rection of the radar device 102 can be aligned such that 

10 the vehicle driving ahead at the position T (e.g., a vehicle 
driving ahead of the vehicle 101 at a distance of 100 
meters) can be captured without fail unless the reflection 
target 103 is provided at the position T that serves as 
the position of a target with which the mount direction of 

15 the radar device 102 is to be aligned. 

[0162] Hence, even when the transmit/receive direc- 
tion of the radar device 102 is aligned in a limited space 
in which the position T serving as a target for alignment 
cannot be ensured, the transmit/receive direction of the 

20 radar device 1 02 can be aligned such that a target (e. 
g., a vehicle driving ahead) located at the position T that 
serves as a target for alignment can be captured without 
fail, by adoption of the radar mount direction alignment 
method. 

25 

Tenth Embodiment 

[0163] A method of aligning a radar mount direction 
according to a tenth embodiment of the present inven- 

30 tion will now be described. As shown in Fig. 1 8A, a radar 
device 112 is provided on the front of the vehicle 101. 
The reflection target 103 is disposed at a position 
spaced distance S-, (e.g., 10 meters) from the vehicle 
101. The radar device 112 and the reflection target 103 

35 are placed at a height "h" and in positions along a lon- 
gitudinal center line Lc of the vehicle 101. Further, 0 1 
provided in the drawing denotes the angle of the reflec- 
tion target 103 with reference to the center line L 3 of 
sensing area of the radar device 112. 

40 [0164] As shown in Fig. 18B, the radar device 112 is 
equipped with a transmit/receive antenna 104, and a re- 
flection intensity sensor 106 for detecting the intensity 
of a signal reflected by a target. Information about the 
intensity of the signal reflected by the reflection target 

45 103 detected by the reflection intensity sensor 106 is 
output to the outside from the radar device 112. The in- 
formation is then displayed on a display device (not 
shown) . As shown in Fig. 19, the intensity of the signal 
reflected by the reflection target 1 03 becomes maximum 

50 when the angle of the reflection target 1 03 relative to 
the radar device 112 assumes 0 degree. As the value 
of the reflection angle becomes greater, the intensity 
of the reflected signal becomes smaller. 
[0165] When the mount direction of the radar device 

55 1 1 2 is aligned, the transmit/receive direction of the radar 
device 112 is aligned such that the intensity of a reflect- 
ed signal assumes a predetermined level (e.g., a max- 
imum level) while the intensity of a reflected signal is 
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detected by the reflection intensity sensor 106. 
[0166] Under the method of aligning a radar mount di- 
rection according to the tenth embodiment, the reflec- 
tion target 1 03 is provided on the longitudinal center line 
Lc of the vehicle 101 and at the position spaced S 1 from 
the vehicle 1 01 . The transmit/receive direction of the ra- 
dar device 102 is aligned such that the intensity of the 
signal reflected by the reflection target 1 03 and detected 
by the reflection intensity sensor 106 assumes a prede- 
termined level. Thus, the mount direction of the radar 
device 112 can be aligned accurately. 

Eleventh Embodiment 

[0167] A method of aligning a radar mount direction 
according to an eleventh embodiment of the present in- 
vention will now be described. As shown in Fig. 20A, a 
radar device 122 is mounted on the front of the vehicle 
101. A reflection target a^ is disposed at a position 
spaced distance S 4 (e.g., 10 meters) from the vehicle 
101. Further, another reflection target a 2 is disposed at 
a position spaced distance S 5 (e.g., 1 5 meters) from the 
vehicle 101. The reflection target a^ is provided on the 
longitudinal center line Lc of the vehicle 101, and the 
reflection target a 2 is provided at a position offset from 
the center line Lc by angle 9 3 . 

[0168] As shown in Fig. 20B, the radar device 122 is 
equipped with the transmit/receive antenna 104; the re- 
flection intensity sensor 106 for detecting the intensity 
of a signal reflected by a target; a relative distance sen- 
sor 107 for sensing a relative distance between the ra- 
dar device 122 and the target; and a sensitivity differ- 
ence calculation device 108 for determining a difference 
in sensitivity between the intensity of signals on the ba- 
sis of the relative distance from the target detected by 
the relative distance sensor 107. Information about the 
intensity of signals reflected by the reflection targets a-,, 
a 2 detected by the reflection intensity sensor 106 and 
information about sensitivity difference are output to the 
outside of the radar device 122. The information is then 
displayed on a display device (not shown). 
[0169] Methods of determining a sensitivity difference 
include a method of determining a sensitivity difference 
using a radar equation, and a method of determining a 
sensitivity difference using the information stored in the 
memory which stores information about a sensitivity dif- 
ference appropriate to a relative distance from the tar- 
get. 

[0170] Fig. 21 shows a relationship between an angle 
defined between the radar device 1 22 and the reflection 
target and the intensity of the signal transmitted from the 
reflection target. In the drawing, C 1 denotes the relation- 
ship between the angle of the reflection target a^ dis- 
posed at a position spaced from the radar device 122 
by distance S 4 and the intensity of the signal reflected 
by the reflection target a v In the drawing, C 2 denotes 
the relationship between the angle of the reflection tar- 
get a 2 disposed at a position spaced from the radar de- 
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vice 122 by distance S 5 and the intensity of the signal 
transmitted from the reflection target a 2 . 
[0171] As shown in Fig. 21, even when two reflection 
targets are disposed at different positions relative to the 

5 radar device 1 22 so as assume identical relative angles 
with reference to the radar device 122, the signal trans- 
mitted from the target a 1 disposed a short distance from 
the radar device 122 is greater in intensity than that 
transmitted from the target a 2 disposed at a position 

10 more distant from the radar device 122. For instance, 
the angle defined between the radar device 1 22 and the 
reflection target a 2 and the angle defined between the 
radar device 122 and a reflection target a 2 , assume 
identical angles 0 3 . However, the signal output from the 

15 reflection target a 2 , is greater in intensity than that output 
from the reflection target a 2 by x 2 . 
[0172] When the mount direction of the radar device 
122 is aligned, the sensitivity difference calculation de- 
vice 108 computes a sensitivity difference, and the in- 

20 tensity of reflected signals is detected by the reflection 
intensity sensor 106. The transmit/receive direction of 
the radar device 122 is aligned such that a difference 
between the intensity of the signal reflected by the re- 
flection target a 1 and the intensity of the signal output 

25 from the reflection target a 2 that takes into account a 
sensitivity difference x 2 assumes a predetermined level 
(x 1 in this case). 

[0173] For instance, if the transmit/receive direction 
of the radar device 122 is aligned such that the intensity 
30 difference assumes a predetermined level x 1p the trans- 
mit/receive direction of the radar device 1 22 is aligned 
such that the angle of the reflection target a 1 relative to 
the radar device 122 assumes 0 degree, as shown in 
Fig. 21. 

35 [0174] Under the method of aligning a radar mount di- 
rection according to the eleventh embodiment, a differ- 
ence in sensitivity between the intensity of signals which 
are susceptible to the influence of distance is taken into 
consideration. Hence, the reflection targets a 1( a 2 are 

40 disposed, and the transmit/receive direction of the radar 
device 1 22 can be aligned accurately through use of the 
intensity of the signals reflected by the reflection targets 
a 1f a 2 . 

45 Twelfth Embodiment 

[01 75] A method of mounting a radar mount direction 
according to a twelfth embodiment of the present inven- 
tion will now be described. As shown in Fig. 22A, the 

50 radar device 122 is mounted on the front of the vehicle 
101. A reflection target a3 is disposed at a position 
spaced distance S 6 (e.g., 10 meters) from the vehicle 
101. Further, another reflection target a 4 is disposed at 
a position spaced distance S 6 (e.g., 1 5 meters) from the 

55 vehicle 101. The reflection targets a 3 , a 4 are provided 
in opposite directions from the longitudinal center line 
Lc of the vehicle 1, by angle 0 4 from the longitudinal 
center line. 
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[0176] As shown in Fig. 22B, the radar device 122 is 
equipped with the transmit/receive antenna 104; the re- 
flection intensity sensor 1 06 for detecting the intensity 
of a signal reflected by a target; the relative distance 
sensor 107 for sensing a relative distance between the 5 
radar device 122 and the target; and the sensitivity dif- 
ference calculation device 108 for determining a differ- 
ence in sensitivity between the intensity of signals which 
are susceptible to the influence of distance, on the basis 
of the relative distance from the target detected by the 10 
relative distance sensor 107. Information about the in- 
tensity of signals reflected by the reflection targets a 3 , 
a 4 detected by the reflection intensity sensor 106 and 
information about sensitivity difference are output to the 
outside of the radar device 1 22. The information is then 15 
displayed on a display device (not shown). 
[0177] Fig. 23 shows a relationship between an angle 
defined between the radar device 122 and the reflection 
target and the intensity of the signal transmitted from the 
reflection target. In the drawing, C 1 denotes the relation- 20 
ship between the angle of the reflection target a 3 dis- 
posed at a position spaced distance S 6 from the radar 
device 122 and the intensity of the signal reflected by 
the reflection target a 3 . In the drawing, C 4 denotes the 
relationship between the angle of the reflection target 25 
a 4 disposed at a position spaced distance S 7 from the 
radar device 122 and the intensity of the signal trans- 
mitted from the reflection target a 4 . As shown in Fig. 23, 
even when two reflection targets are disposed at differ- 
ent positions relative to the radar device 122 so as as- 30 
sume identical relative angles with reference to the ra- 
dar device 122, the signal transmitted from the target a 3 
disposed a short distance from the radar device 1 22 is 
greater in intensity than that transmitted from the target 
a 4 disposed at a position more distant from the radar 35 
device 1 22. For instance, the angle defined between the 
radar device 1 22 and the reflection target a 3 and the an- 
gle defined between the radar device 122 and reflection 
targets a 4 , a 4 . assume identical angles 6 4 . However, the 
signals output from the reflection targets a 3 , a 4 are *o 
greater in intensity than that output from the reflection 
target a 4 , by x 3 . 

[0178] When the mount direction of the radar device 
122 is aligned, the sensitivity difference calculation de- 
vice 108 computes a sensitivity difference, and the in- 45 
tensity of reflected signals is detected by the reflection 
intensity sensor 106. The transmit/receive direction of 
the radar device 122 is aligned so as to eliminate a dif- 
ference between the intensity of the signal reflected by 
the reflection target a 3 and the intensity of the signal out- 50 
put from the reflection target a 4 that takes into account 
a sensitivity difference x 3 . 

[0179] If the transmit/receive direction of the radar de- 
vice 122 is aligned such that the intensity difference is 
eliminated, the transmit/receive direction of the radar 55 
device 122 is aligned such that the angles defined be- 
tween the reflection target a 3 , a 4 relative to the radar 
device 122 assume 9 4 , as shown in Fig. 23. More spe- 
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cifically, the center line L 5 of the sensing area of the ra- 
dar device 1 22 is aligned exactly with the center line Lc. 
[0180] Under the method of aligning a radar mount di- 
rection according to the twelfth embodiment, a differ- 
ence in sensitivity between the intensity of signals which 
are susceptible to the influence of distance is taken into 
consideration. Hence, the reflection targets a 3 , a 4 are 
disposed, and the transmit/receive direction of the radar 
device 122 can be aligned accurately through use of the 
intensity of the signals reflected by the reflection targets 
a 3 , a 4 . 

[01 81] The methods for aligning a radar mount direc- 
tion described in connection with the eighth through 
twelfth embodiments have described only a case where 
the mount directions of the radar devices 102, 112, and 
122 are aligned within a horizontal plane. However, the 
mount direction of a radar device can be aligned in the 
same manner even when the radar devices 102, 112, 
and 122 are equipped with a transmit/receive antenna 
which is pivotable in a vertical plane and when the mount 
directions of the radar devices 102, 112, and 122 are 
aligned in a vertical plane. 

[01 82] If reflection targets are disposed such that any 
one of the methods described in connection with the 
eighth through twelfth embodiments is taken as a meth- 
od of aligning a mount direction in a horizontal plane and 
such that another one of the methods is taken as a meth- 
od of aligning a mount direction in a vertical plane, bi- 
axial alignment of a mount direction can be effected si- 
multaneously and efficiently. 

Thirteenth Embodiment 

[01 83] Another embodiment of the method of aligning 
a radar mount direction according to the present inven- 
tion and another embodiment of the device for aligning 
a radar mount direction according to the present inven- 
tion will now be described by reference to the accompa- 
nying drawings. 

[01 84] A thirteenth embodiment of the present inven- 
tion will now be described, by means of taking as an 
example a case where the transmit/receive direction of 
a radar device 202 mounted on a vehicle 201 is to be 
aligned. As shown in Fig. 26, a radar device 202 having 
a beam scanning function is mounted on the front of the 
vehicle 201 . An antenna 204 constituting a radar mount 
direction alignment device 203 is disposed at a position 
spaced distance S-, from the vehicle 201 (i.e., at the po- 
sition of a target with which the mount direction of the 
radar device 202 is to be aligned). A mechanical beam 
scan antenna or a phased array antenna can be used 
as a beam scan antenna to be provided in the radar de- 
vice 202. 

[0185] The radar mount direction alignment device 
203 is equipped with a receiving level sensor 205 for 
sensing the receiving level of a signal received by the 
antenna 204. Information about the receiving level de- 
tected by the receiving level sensor 205 is output to the 
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outside, and the information is then displayed on a dis- 
play device (not shown). 

[0186] The radar device 202 and the antenna 204 are 
provided at identical heights and on the longitudinal 
center line Lc of the vehicle 201 . In the drawing, T de- 5 
notes the center direction of beam scanning range of 
the radar device 202 (i.e., the center axis and front di- 
rections of the radar device). 

[0187] When the mount direction of the radar device 
202 is aligned, a signal is emitted in the vicinity of the 10 
center axis of the radar device. In accordance with 
changes in the level of the signal received by the anten- 
na 204, the transmit/receive direction of the radar device 
202 is aligned. Fig. 27 shows an example of changes in 
the level of the signal received by the antenna 204. 15 
[0188] In connection with an example of changes in 
level shown in Fig. 27, the maximum level of the re- 
ceived signal lies not in the center position on the time 
axis but in the range of level changes. Hence, the lon- 
gitudinal center line Lc of the vehicle 201 can be aligned 20 
with the center direction T of beam scanning range of 
the radar device 202, by means of aligning the transmit/ 
receive direction of the radar device 202 such that the 
maximum level of the received signal appears in the 
center position of the range of level change. 25 
[0189] The method of aligning the transmit/receive di- 
rection of the radar device 202 in accordance with 
changes in the level of the received signal includes the 
following methods "a" through "c." 

30 

a: In relation to level changes, the current status of 
the radar device 202; that is, a mounted state of the 
radar device 202, is ascertained, and the transmit/ 
receive direction of the radar device 202 is aligned, 
by use of a balance in level change or a difference 35 
between a level at one end of a scanning range and 
a level at the other end of the scanning range with 
reference to the scan direction, 
b: In relation to level changes, information about the 
ends of a scanning range with reference to a scan 40 
direction; that is, the level of a signal received by 
the antenna 204 immediately after emission of a 
signal from the radar device 202 has been com- 
menced and/or the level of a signal received by the 
antenna 204 immediately before emission of a sig- 45 
nal from the radar device 202 is ceased, is not used 
for alignment. 

c: Amplitude information (e.g., the maximum peak 
value and the minimum peak value) which becomes 
an explicit standard is used. 50 

[0190] Under the method of aligning a radar mount di- 
rection according to the thirteenth embodiment, the an- 
tenna 204 constituting a radar mount direction align- 
ment device 203 is disposed at the position spaced dis- 55 
tance from the vehicle 201 and on the longitudinal 
center line Lc of the vehicle 201. The transmit/receive 
direction of the radar device 202 is aligned in accord- 
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ance with a change in the level of the signal that has 
been emitted from the radar device 202 and received by 
the antenna 204 such that a change in the level attains 
a desired value. As a result, the mount direction of the 
radar device can be aligned accurately. 
[0191] Figs. 28 and 29 show examples of changes in 
the level of a received signal. The transmit/receive di- 
rection of the radar device 202 is aligned so as to attain 
a change in level which has superior balance between 
the right scan direction and the left scan direction, 
whereby the longitudinal center line Lc of the vehicle 201 
can be aligned with the main beam direction T of the 
radar device 202. 

[0192] The center direction T of beam scanning range 
of the radar device 202 can be oriented toward a desired 
direction, by means of aligning the transmit/receive di- 
rection of the radar device 202 such that a desired level 
difference is realized between the level of the right scan 
direction and the level of the left scan direction. From 
the level difference, the angle of the antenna 203 rela- 
tive to the center direction T of beam scanning range of 
the radar device 202 can be determined. In other words, 
a desired level difference can be determined from a de- 
sired relative angle. 

Fourteenth Embodiment 

[0193] A method of aligning a radar mount direction 
according to a fourteenth embodiment of the present in- 
vention will now be described. As shown in Fig. 30, the 
radar device 202 having a beam scanning function is 
mounted on the front of the vehicle 20 1 . An antenna 214 
constituting a radar mount direction alignment device 
213 is disposed at a position spaced distance from 
the vehicle 201 (i.e., at the position of a target with which 
the mount direction of the radar device 202 is to be 
aligned). 

[0194] The radar mount direction alignment device 
213 comprises the antenna 214; a mixer circuit 215 
which acts as a frequency converter for converting a fre- 
quency f 0 of the signal received by the antenna 214 into 
an intermediate frequency IF; a signal generator 216 for 
outputting a signal of frequency f a (=IF-f 0 ) to the mixer 
circuit 215; a receiving level sensor 217 which acquires 
an intermediate frequency IF signal converted by the 
mixer circuit 215 and detects a receiving level; and a 
controller 218 which performs a control operation so as 
to acquire information about the frequency of a signal 
detected by the receiving level sensor 21 7 and to cause 
the signal generator 216 to output a signal of predeter- 
mined frequency to the mixer circuit 215. Information 
about the receiving level detected by the receiving level 
sensor 217 is output to the outside, and the information 
is then displayed on a display device (not shown). 
[0195] The radardevice 202 and the antenna 214 are 
provided at identical heights and at positions along the 
longitudinal center line Lc of the vehicle 201 . In the draw- 
ing, T denotes the center direction of the beam scanning 
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range of the radar device 202. 
[0196] when the mount direction of the radar device 
202 is aligned, a signal (CW signal) is emitted toward 
the center direction of the beam scanning range. In ac- 
cordance with a change in the level of the signal re- 5 
ceived by the antenna 214, the transmit/receive direc- 
tion of the radar device 202 is aligned. 
[0197] Under the method of aligning a radar mount di- 
rection according to the fourteenth embodiment, the an- 
tenna 214 constituting the radar mount direction align- 10 
ment device 213 is disposed at the position spaced dis- 
tance S 1 from the vehicle 201 . The transmit/receive di- 
rection of the radar device 202 is aligned in accordance 
with a change in the level of the signal that has been 
emitted from the radar device 202 and received by the 15 
antenna 214, so as to attain a desired level change. 
Thus, the mount direction of the radar device can be 
aligned accurately. 

[0198] The receiving level sensed by the receiving 
level sensor 217 is an intermediate frequency signal. 20 
Hence, changes in the level of a received signal can be 
readily displayed on an electronic device such as an os- 
cilloscope. 

[0199] The method of aligning a radar mount direction 
according to the thirteenth (or fourteenth) embodiment 25 
has been described by reference to only a case where 
the transmit/receive direction of the radar device 202 is 
aligned in accordance with changes in the level of the 
signal received by the antenna 204 or 214 disposed at 
only one position. Under a method of aligning a radar 30 
mount direction according to another embodiment, the 
antennas 204 and 214 and other antennas may be dis- 
posed at different positions. The transmit/receive direc- 
tion of the radar device 202 may be aligned in accord- 
ance with changes in the level of the signal received by 35 
at least two or more antennas 204, 214. In this case, 
alignment can be made more certain. 
[0200] For instance, even when a failure has arisen 
in the radar device 202 and no beam scanning is pos- 
sible, performance of erroneous alignment can be pre- 40 
vented, and occurrence of failure can also be deter- 
mined. 

[0201] The system of the present invention has de- 
scribed a method of aligning the mount direction of a 
radar device, by means of receiving a wave transmitted 45 
from the radar device through beam scanning. However, 
a wave can be transmitted toward a radar device from 
a radar mount direction alignment device. By reference 
to information about the level of the wave received by 
the radar device in the vicinity of the center of a receiving so 
beam scanning range, the mount direction of the radar 
device can also be aligned. 

Fifteenth embodiment 

55 

[0202] Fig. 31 shows a side view showing a radar 
mount direction alignment system 300 according to a 
fifteenth embodiment of the present invention. 
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[0203] The radar mount direction alignment system 
300 includes a radar 302, a controller 301 for controlling 
the radar 302, and two reflection units 31 0 and 320 each 
disposed in front of the radar 302. Radar wave absorb- 
ers 330 are disposed above and below a line connecting 
the radar 302 and the reflection units 310 and 320. 
[0204] The radar 302, as well as the radar device 2 in 
Fig. 1A, is mounted on a front center of a vehicle. The 
radar 302 transmits a predetermined signal to scan in 
the horizontal direction of the vehicle. The radar 302 
scans so that the signal propagates in the vehicle 
traveling direction parallel to the horizontal direction. 
The signal reflects on a reflector existing in the scanning 
direction, and is received by the radar 302. 
[0205] The controller 301 analyzes the signal re- 
ceived by the radar 302, and determines misalignment 
of the radar mount direction based on the scanning di- 
rection of the signal, the receiving timing and the inten- 
sity of the reflected signal from the reflector. 
[0206] The reflection unit 310 includes an antenna 
313, a transmission line 314, an attenuator 315 and a 
reflector 316. A signal received from the radar 302 by 
the antenna 31 3 is reflected by the reflector 31 6 through 
the transmission line 314 and the attenuator 315, prop- 
agating in the described order. The reflected signal 
propagates through the attenuator 31 5 and the trans- 
mission line 314, and then is transmitted from the an- 
tenna 313 to the radar 302. 

[0207] The reflection unit 320, as well as the reflection 
unit 310, includes an antenna 323, a transmission line 
324, an attenuator 325 and a reflector 326. A signal re- 
ceived from the radar 302 by the antenna 323 is reflect- 
ed by the reflector 326 through the transmission line 324 
and the attenuator 325, propagating in the described or- 
der. The reflected signal propagates through the atten- 
uator 325 and the transmission line 324, and then is 
transmitted from the antenna 323 to the radar 302. 
[0208] Fig. 32 shows the antennas 313 and 323 as 
seen from the radar 302 in the signal transmitting direc- 
tion. The antennas 31 3 and 323 are disposed above and 
below to have a predetermined space x from the hori- 
zontal surface of the signal propagating direction from 
the radar 302. The distances between the radar 302 and 
the antennas 313 and 323 are the same, and about 
1-10m. 

[0209] The transmission lines 314 and 324 have dif- 
ferent lengths L1 and L2 from each other. The lengths 
of L1 and L2 are about 1-1 0m. In the fifteenth embodi- 
ment, for example, L1 is 5m and L2 is 10m. The trans- 
mission lines 31 4 and 324 basically have the same char- 
acteristics except for the difference of the length. Pref- 
erably, the transmission lines 314 and 324 are made of 
the same material. When the transmission lines 31 4 and 
324 are made of the same material, each of the received 
signals by the antennas 313 and 314 is attenuated in 
intensity by a predetermined ratio in accordance with 
each length L1 or L2. The distance x, and the lengths 
L1 and L2 of the transmission lines 313 and 314 are not 
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limited in the specific values as described above. These 
values may be set in accordance with the types of radar, 
or the range or time discrimination ability of the radar 
302. 

[0210] A transmission line connecting the attenuator 5 
315 with the reflector 316 is the same in the amount of 
attenuation as a transmission line connecting the atten- 
uator 325 with the reflector 326. 
[0211] The attenuators 31 5 and 325 attenuate the sig- 
nals transmitted through the transmission lines 314 and 10 
324, by predetermined ratios, respectively. When the 
alignment of the radar 302 is proper, the amounts of at- 
tenuation by the transmission lines 314 and 324 are set 
so that the signals outputted from the antennas 31 3 and 
323 to the radar 302 are the same in intensity. 1$ 
[0212] Unless the attenuators 315 and 325 are pro- 
vided, the amount of attenuation of the signal in the re- 
flection unit 310 is different from the amount of attenu- 
ation of the signal in the reflection unit 320 due to the 
difference between the length L1 (5m) of the transmis- 20 
sion line 31 4 and the length L2 (1 0m) of the transmission 
line 324. The attenuators 315 and 325 are provided to 
attenuate each of the signals to compensate for the dif- 
ference therebetween. That is, when the signal entering 
the antenna 313 is the same in intensity as the signal 25 
entering the antenna 323, the attenuators 315 and 325 
attenuate the signals so that the input-signal/output-sig- 
nal intensity ratio of the antenna 31 3 is the same as the 
input-signal/output-signal intensity ratio of the antenna 
323. Namely, the attenuation ratio of the reflection unit 30 
310 is the same as that of the reflection unit 320. 
[021 3] The radio wave absorbers 330 prevent the sig- 
nal from the radar 302 from being reflected by any mem- 
bers except for the reflection units 310 and 320 and 
transmitting toward the radar 302. If necessary, addi- 35 
tional radio wave absorbers may be provided except for 
the positions as shown in Fig. 31. 
[0214] There will be described amount direction align- 
ment method of the radar 302 using the radar mount 
direction alignment system 300. 40 
[0215] The scanned signal from the radar 302 direct- 
ed to the antennas 313 and 323 in the horizontal direc- 
tion are received by the antennas 313 and 323. Since 
the distance from the radar 302 to the antenna 313 is 
the same as that of from the radar 302 to the antenna 45 
323, the received intensities of the signals received by 
antennas 313 and 323 are the same if the alignment of 
the radar 302 is proper. 

[0216] The signal received by the antenna 313 is 
transmitted through the transmission line 314 and the 50 
attenuator 315, reflected by the reflector 316, and then 
outputted from the antenna 313 through the transmis- 
sion line 314 and the attenuator 315. The signal re- 
ceived by the antenna 323 is transmitted through the 
transmission line 324 and the attenuator 325, reflected 55 
by the reflector 326, and then outputted from the anten- 
na 323 through the transmission line 324 and the atten- 
uator 325. The radar 302 receives the output signals 
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with a timing delay depending on the lengths L1 and L2 
of the transmission lines 314 and 315. 
[021 7] When the alignment of the radar 302 is proper, 
since the signals transmitted through the reflection units 
310 and 320 are attenuated by the predetermined ratio, 
the intensities of the output signals from the reflection 
units 310 and 320 are the same. Accordingly, the inten- 
sities of the received signals from the reflection units 310 
and 320 by the radar 302 are the same. 
[0218] On the other hand, when the alignment of the 
radar 302 is out of order and the transmitting direction 
of the signal from the radar 302 is shifted upwardly or 
downwardly, a difference is generated between the in- 
tensities of the signals received by the antenna 313 and 
antenna 323. Since the reflection units 310 and 320 at- 
tenuates the signals by the same ratio, and transmits 
the attenuated signals toward the radar 302. According- 
ly, if the alignment is out of order, the output signals from 
the antennas 31 3 and 323 toward the radar 302 are dif- 
ferent in intensity, and then the received signals from 
the reflection units 310 and 320 are also different in in- 
tensity. 

[021 9] Fig. 33 shows a relation between the alignment 
disorder and intensity difference between the signals re- 
ceived from the reflection units 31 0 and 320. The inten- 
sity difference is defined by subtracting the intensity of 
the output signal from the reflection units 320 from the 
intensity of the output signal from the reflection units 
310. 

[0220] If the intensity difference is in the (+)-region, 
the signal intensity of the antenna 313 is stronger than 
that of the antenna 323. This means that the signal 
transmitting direction of the radar 302 is shifted upward- 
ly. To the contrary, if the intensity difference is in the (-)- 
region, the signal intensity of the antenna 323 is stronger 
than that of the antenna 313. This means that the signal 
transmitting direction of the radar 302 is shifted down- 
wardly. 

[0221] To adjust the alignment of the radar 302 in ac- 
tual, the mount direction of the radar 302 is adjusted in 
order to null the intensity difference. Herewith, the align- 
ment of the radar mount direction is properly adjusted 
in the vertical direction. 

[0222] According to the fifteenth embodiment of the 
present invention, the antennas are positioned above 
and below with the same distance apart from the radar. 
Since the transmission lengths in the transmission lines 
are different in both reflection units, the radar can dis- 
criminately receive the each of the output signals from 
the reflection units. If the ideal distances L1 and L2 of 
the transmission lines are the same, the radar cannot 
distinguish the received signals from both reflection 
units from each other. Namely, if the distances L1 and 
L2 are the same, the radar cannot determine the re- 
ceived signal having the larger intensity to be transmit- 
ted from either of the reflectionunits even if the radar is 
disposed in disorder. However, the distances are differ- 
ent, the radar can distinguish the signals from each oth- 
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er since the radar has a function of measuring a distance 
from the reflection unit and a receiving level that de- 
pends on the distance from the reflection unit. To utilize 
the characteristics, a user can adjust the alignment of 
the radar mount direction in the vertical direction. 5 
[0223] In the fifteenth embodiment, although an atten- 
uator is provided in each of the reflection units 310 and 
320, the attenuator may be provided in either of the re- 
flection units, because the length of the transmission 
line is different and the attenuation ratio of the reflection 10 
unit is the same in both of the reflection units. 

Claims 

15 

1. A radar mount direction alignment device to be used 
for aligning a transmit/receive direction of a radar 
device mounted on a member on which the radar 
device is to be mounted, the device comprising: 

20 

a receiving section for receiving a signal emit- 
ted from the radar device; 
a transmission section for transmitting a signal 
to the radar device; and 

first means for transmitting, toward the radar 25 
device, a signal which, when the signal emitted 
from the radar device is received, behaves as 
if having been reflected from a reflection target 
disposed at a position farther from the radar de- 
vice than a distance between the radar device so 
and the radar mount direction alignment de- 
vice. 

2. A mount according to claim 1 , further comprising: 

35 

second means for providing a predetermined 
delay time for the signal received by the receiv- 
ing section. 

3. The radar mount direction alignment device accord- 40 
ing to claim 1 or claim 2, further comprising: 

a transmission line for transmitting a signal, 
wherein a predetermined signal is transmitted 
toward the radar device after a received signal 45 
has been transmitted over the transmission 
line. 

4. The radar mount direction alignment device accord- 
ing to claim 3, wherein the transmission line is a 50 
member selected from the group consisting of a 
waveguide, a dielectric line, and an optical fiber. 

5. The radar mount direction alignment device accord- 
ing to claim 3 or claim 4, further comprising: 55 

a reflector which reflects a signal entered from 
one end of the transmission line, at the other 
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end of the transmission line, 

wherein the reflected signal exits from the one 
end of the transmission line. 

6. The radar mount direction alignment device accord- 
ing to any of claims 3 to 5, further comprising: 

an antenna or lens disposed in an entrance of 
the transmission line. 

7. A mount according to any of claims 3 to 6, 

wherein the signal having entered from one 
end of the transmission line exits from the other end 
of the transmission line. 

8. The radar mount direction alignment device accord- 
ing to claim 7, further comprising: 

an antenna or lens disposed at an entrance 
and/or exit of the transmission line. 

9. The radar mount direction alignment device accord- 
ing to any of the preceding claims, further compris- 
ing: 

an amplifier for amplifying a received signal. 

10. The radar mount direction alignment device accord- 
ing to any of the preceding claims, further compris- 
ing: 

a branching device for branching a received 
signal into a plurality of signals, 

wherein the respective signals into which the 
received signal is branched are transmitted toward 
the radar device. 

1 1 . The radar mount direction alignment device accord- 
ing to claim 10, wherein, when the radar mount di- 
rection alignment device has the amplifier, the am- 
plifier is disposed upstream of the branching device. 

12. A radar mount direction alignment method for align- 
ing a transmit/receive direction of a radar device, 
the device being mounted on a member on which a 
radar unit is to be mounted, the device having a rel- 
ative angle sensor for sensing a relative angle with 
reference to a target, the method comprising: 

disposing a transmission section at a predeter- 
mined position; 

detecting an angle relative to the transmission 
section by the relative angle sensor; 
detecting an angle relative to the receiving sec- 
tion detected by the relative angle sensor; and 
aligning the transmit/receive direction of the ra- 
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dar device in accordance with the angle relative 
to the transmission section the angle relative to 
the receiving section. 

13. The method of aligning a radar mount direction ac- 5 
cording to claim 12, wherein a plurality of radar 
mount direction alignment devices are adopted; 
and 

a plurality of transmission sections are dis- 
posed at different positions. 10 

14. A radar mount direction alignment method of align- 
ing a transmit/receive direction of a radar device, 
the device being mounted on a member on which a 
radar unit is to be mounted, the device having a sig- 15 
nal intensity sensor for receiving a signal reflected 
from a target and detecting the intensity of the re- 
ceiving signal, the method comprising: 

placing a transmission section at a predeter- 20 
mined position; 

detecting the intensity of the signal by the signal 
intensity sensor; and 

aligning a transmit/receive direction of the ra- 
dar device in accordance with the intensity of a 25 
signal transmitted from the transmission sec- 
tion. 

15. The radar mount direction alignment method ac- 
cording to claim 14, wherein a plurality of radar 30 
mount direction alignment devices are adopted; 
and 

a plurality of transmission sections are placed 
at different positions. 

35 

16. A radar mount direction alignment method of align- 
ing a transmit/receive direction of a radar device, 
the device being mounted on a member on which a 
radar unit is to be mounted, the device having a sig- 
nal intensity sensor for detecting the intensity of a 40 
signal received from the outside, the method further 
comprising: 

placing a plurality of transmission sections 
each for transmitting branched signals at differ- 45 
ent predetermined positions; 
detecting the intensity of the signal by the signal 
intensity sensor; and 

aligning a transmit/receive direction of the ra- 
dar device in accordance with the intensity of 50 
signals transmitted from the transmission sec- 
tions. 

17. The radar mount direction alignment method ac- 
cording to claim 1 6, wherein the transmit/receive di- 55 
rection of the radar device is aligned in considera- 
tion of a difference in sensitivity in detection of the 
intensity of signals output from the transmission 
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sections which are susceptible to the influence of 
distance. 

18. A method according to any of claims 12 to 17, 

wherein, when the radar device is equipped 
with a relative distance sensor for detecting a dis- 
tance relative to a target, the sensitivity difference 
determined on the basis of a relative distance de- 
tected by the relative distance sensor is utilized. 

19. The radar mount direction alignment method ac- 
cording to claim 17, wherein there is utilized the 
sensitivity difference that has been determined on 
the basis of information about a sensitivity differ- 
ence which has been measured in advance and cor- 
responds to a distance relative to the target. 

20. A radar mount direction alignment method for align- 
ing a transmit/receive direction of a radar device, 
the device being mounted on a member on which a 
radar unit is to be mounted, the device having a rel- 
ative angle sensor for detecting a distance relative 
to a target, the method comprising: 

disposing a reflection target at a predetermined 
location; 

detecting an angle relative to the reflection tar- 
get by the relative angle sensor; and 
aligning the transmit/receive direction of the ra- 
dar device in accordance with the angle relative 
to the reflection target. 

21. The radar mount direction alignment method ac- 
cording to claim 20, wherein the transmit/receive di- 
rection of the radar device is aligned such that the 
angle relative to the target assumes a predeter- 
mined angle. 

22. A method according to claim 20 or claim 21 , 

wherein the predetermined position is set on 
substantially a center axis in a sensing area of the 
radar device. 

23. A method according to any of claims 20 Lo 22, 

wherein the predetermined position is set on 
substantially a line connecting the location of a tar- 
get for alignment with a position at which the radar 
device is to be mounted. 

24. A method according to any of claims 20 to 23, 

wherein, when the radar device is to be 
aligned in an azimuth plane, the target is provided 
in the azimuth plane; or when the radar device is to 
be aligned in an elevation plane, the reflection tar- 
get is provided in the elevation plane. 

25. A method according to any of claims 20 to 24, 

wherein a plurality of reflection targets a red is- 
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posed at different locations. 

26. The radar mount direction alignment method ac- 
cording to claim 25, wherein the reflection targets 
are disposed at positions where signals reflected 5 
from the reflection targets exert no influence on 
each other. 

27. The radar mount direction alignment method ac- 
cording to claim 25, wherein the transmit/receive di- 10 
rection of the radar device is aligned in considera- 
tion of a difference in sensitivity for detection of the 
intensity of reflected signals which are susceptible 

to the influence of distance. 

15 

28. The radar mount direction alignment method ac- 
cording to claim 27, wherein, when the radar device 
is equipped with a relative distance sensor for de- 
tecting a distance relative to a target, there is uti- 
lized the sensitivity difference determined on the 20 
basis of a relative distance detected by the relative 
distance sensor. 

29. A radar device having a reflection sensitivity sensor 

for detecting the intensity of a signal reflected from 25 
a target and a relative distance sensor for detecting 
a distance relative to the target, the radar device 
comprising: 

a detection sensitivity difference calculation de- 30 
vice for calculating a difference in the sensitivity 
in detection of the intensity of a reflected signal 
which is susceptible to the influence of a dis- 
tance, on the basis of a distance relative to the 
target detected by the relative distance sensor. 35 

30. The radar device according to claim 29, further 
comprising: 

a memory for storing information about a sen- 40 
sitivity difference which has been determined 
beforehand and corresponds to a distance rel- 
ative to the target, 

wherein the sensitivity difference calculation 45 
device determines a difference in sensitivity for de- 
tection of intensity of a reflected signal which is sus- 
ceptible to the influence of distance, on the basis of 
a distance relative to the target detected by the rel- 
ative distance sensor and of the information stored so 
in the memory. 

31 . A radar mount direction alignment method for align- 
ing a transmit/receive direction of a radar device 
which is mounted on a member on which a radar 55 
device is to be mounted, such as a vehicle, and has 

a beam scanning function, the method comprising: 



disposing a receiving section for receiving a 
signal emitted from the radar device at a pre- 
determined position; and 
detecting a change in the level of a signal re- 
ceived by the receiving section as a result of 
beam scanning; and 

aligning the transmit/receive direction of the ra- 
dar device in accordance with the change in the 
level of the signal. 

32. The radar mount direction alignment method ac- 
cording to claim 31 , wherein a signal is emitted from 
the radar device toward a center direction of beam 
scanning. 

33. A method according to claim 31 or claim 32, accord- 
ing to claim 31, wherein the transmit/receive direc- 
tion of the radar device is aligned such that the level 
change assumes a desired level change. 

34. The radar mount direction alignment method ac- 
cording to claim 33, wherein the transmit/receive di- 
rection of the radar device is aligned such that the 
level change becomes smaller. 

35. A method according to claim 31 or claim 32, 

wherein the transmit/receive direction of the 
radar device is aligned with regard to a level 
change, through use of information about at least 
one end of scan direction. 

36. A method according to claim 31 or claim 32, 

wherein the transmit/receive direction of the 
radar device is aligned with regard to a level change 
without use of information about ends of scan direc- 
tion. 

37. A method according to claim 31 or claim 32, 

wherein the transmit/receive direction of the 
radar device is aligned with regard to a level change 
through use of amplitude information. 

38. A method according to any of claims 31 to 37, 

wherein a plurality of receiving sections are 
provided at different positions. 

39. A method according to any of claims 31 to 38, 

wherein an unmodulated transmission wave 
signal is emitted from the radar device. 

40. A radar mount direction alignment device compris- 
ing: 

a receiving section for receiving a signal; and 
a converter for converting the frequency of the 
signal into a lower frequency. 

41. A radar mount direction alignment device compris- 



24 



47 



EP 1 231 480 A2 



48 



ing: 



a receiving section for receiving a signal; and 
a measurement instrument for measuring a re- 
ceiving level from the signal through use of an 5 
FFT system. 

42. A radar mount direction alignment adjusting device 
for a radar being mounted on a vehicle and emitting 
a signal, the radar mount direction alignment adjust- 10 
ing device comprising: 

a first reflection unit including: 

a first antenna for receiving the signal from 
the radar and transmitting the signal to- 
ward the radar; 

a first transmission line for transmitting the 
signal received by the first antenna; 
a first attenuator for attenuating the signal 
from the first transmission line by a first pre- 
determined ratio; and 
a first reflector for reflecting the signal from 
the first attenuator; and 
a second reflection unit including: 25 

a second antenna for receiving the sig- 
nal from the radar and transmitting the 
signal toward the radar; 
a second transmission line for trans- 30 
mitting the signal received by the sec- 
ond antenna; 

a second attenuator for attenuating the 
signal from the second transmission 
line by a second predetermined ratio; 35 
and 

a second reflector for reflecting the sig- 
nal from the second attenuator, 

wherein the length of the first transmission 40 
line is different from the that of the second transmis- 
sion line. 



determined in accordance with the length of the first 
transmission line and the length of the second 
transmission line. 

45. The radar mount direction alignment adjusting de- 
vice as claimed in claim 42, wherein the first anten- 
na of the first reflection unit and the second antenna 
of the second reflection unit are spaced with a same 
distance from a horizontal surface including the 
scanning direction of the radar. 



46. The radar mount direction alignment adjusting de- 
vice as claimed in claim 42, wherein the first anten- 
na of the first reflection unit and the second antenna 

15 of the second reflection unit are spaced with a same 
distance from the radar. 

47. The radar mount direction alignment adjusting de- 
vice as claimed in claim 43, wherein the mount di- 

20 rection of the radar is adjusted in accordance with 
the signals received from the first reflection unit and 
the second reflection unit. 



48. A method for adjusting alignment of a mount direc- 
tion of a radar, the method comprising: 

receiving a signal from the radar by a first re- 
flector; 

transmitting a first signal from the first reflector 
to the radar, the signal corresponding to a first 
distance; 

receiving the signal from the radar by a second 
reflector; 

transmitting a second signal from the second 
reflector to the radar, the second signal corre- 
sponding to a second distance; and 
adjusting the alignment of the radar in accord- 
ance with the first signal and the second signal. 



43. The radar mount direction alignment adjusting de- 
vice as claimed in claim 42, wherein the signal re- 45 
fleeted by the first reflector is transmitted through 

the first attenuator and the first transmission line to 
the first antenna and outputted toward the radar; 
and 

the signal reflected by the second reflector is so 
transmitted through the second attenuator and the 
second transmission line to the second antenna 
and outputted toward the radar. 

44. The radar mount direction alignment adjusting de- 55 
vice as claimed in claim 42, wherein the first prede- 
termined value of the first attenuator and the second 
predetermined value of the second attenuator are 
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